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LABORATORY MEETING 

of the Society held at the 
Royal Army Medical College, Millbank, London, 
on 

Thursday, 20th March, 1947, at 7 30 p m 

The President 

C M WeNYON, CMC, CBE, MB, BSC, FRS, 
in the Chair 


DEMONSTRATIONS 


ROYAL ARMY MEDICAL COLLEGE 
, Department of Pathology 

Major J A Manifold 

Anaemia In Indian troops 

Severe anaemia in Indian troops durmg the war was a major problem 
as these cases required prolonged hospitalization Charts were presented 
showing that these men were reenuted from a population with an extreme 
vanation in Hb levels, the well-fed Indian’s blood level bemg absolutely 
comparable with the best European standards 

Two mam series of cases from base areas in India were compared graphic- 
ally, one of 166 and the other of 762 None of these men had been exposed 
to active service conditions In spite of the fact that these troops were in 
receipt of a diet of some 4,000 calories with 109 7 grammes protein (animal 
23 8 grammes), the mean haemoglobin level on reporting sick was 7 22 grammes 
per 100 ml and the peak incidence was during the 2nd to 3rd year of service 



LAMUTOn KTCnSQ 


The ci*e Joddeoct v^rj nga£c3Dtif hjgiwr in rtgrtirani tioin /n noo- 
Tegtttrian* 

Chronic nuUm cid hookworm infert«jon were the ctuef tJ«oei«ed 
trtiok>fKal-f*aoc« IS6 ci*o wtre »iulj*ed *l a tnean Hb IcrtJ 

of 7 22 gramnfci, ibowing a very marled aaaociiuon between chrontc nularu 
»nd niacrocjloat* and hootnorm wnh nwcrocTtcttjj and hypochromia. Tha 
mocuthm did not entt at a high haemoglobm Je\TL 
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(IMvTwxu, 1*0) 



JO U 21 ZS 14 iS » 27 28 29 X 31 r' JJ 3-( 3S 

Jklm Owpeoen^ KmuftotMi Ojaaniionji (^I C 


+ MOO*woan'’ O e^uurra* ^ urm 

The augieatcd tetioJojr may be aproaed in the form of an eqoatrtm. 
Tbi* b ihown in Table I Wow 

Tuu L 


( 1 ) Cbtonfe BilAia er 

HoQkwora and 0 € 

DywaafT dkiiU^ea. etc. 

( 4 ) Prttnaoej- 


U) 

s 


5a>Wr«t/ 

Poor totilca of pfott iJ of 
+ ; Uab Uofectol tOac - 




LABORATORY MEETING 


3 


In view of the widespread nature of the precipitating factors indicated 
above, which are much more common than are cases of severe anaemia, it is 
necessary to postulate the action of an unknown factor which appears to be a 
personal anaemic diathesis, and is possibly conditioned by years of low intake 
of protein of high biological value The presence of the unknown factor is 
needed to explain the fact that if two people were exposed to the same condi- 
tions of haematological stress, one might become anaemic while the other 
might not Within broad limits, the degree or extent of the precipitatmg 
factors do not affect the issue The mechanism by which each of the precipi- 
tating factors might act was shown graphically 

The effect of' a diet low m protein was illustrated by showing some details 
from poor Indian civilian cases, whose mean total plasma protein level was 
5 19 ± 1 05 gramme per 100 ml , sixty-six cases in troops were analysed in 
full haematological detail, which is summarized in Table II 


Table II 

MEAN HAEMATOLOGICAL FINDINGS IN SIXTY-SIX CASES OF SEVERE ANAEMIA IN INDIAN TROOPS 
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• The standard deviations are omitted for the sake of clarity 










UMmiTORT Nimxa 


DtPAJtmEPfT or Htoiexe. 

Tbi Dnr tlmlElmt ntti b«tQ> 

Tha tjp« of witer bottle a gndollj replacmg the oWer type, Tbe two 
typo can be coinp«rrd at under 

(I) Wogbt. 


CBd trpe. 

Oesma*. 

Nvw t7p«. 

Orwwnet 

Bottle 

•COO 

Bottle aloae 

200 

SEng 

„ 100 

Bottle with enp 
Cover 

365 

172 

Total 

500 

Total 

537 


(2) Tbe wide neci and rounded •hipe of tbe new bottle make h more 
easy to clean, ami the Krcw cap whicb repbco the cork of tbe oU type b an 
improvement. 

(3) lie new bottle aUo baa tbe advantage of baring a dnnUng rcatel 
incorporated with it. 

Ag^aratai for sUrtUxtag vattr and tba naanlaetar* •< kypocblertt* 

A 5 per cent. aohitiOQ of aalt (1 Ib to 2 galJom of water) b drawn by 
coctiOQ from tbe galvanlxed iron tank between graphite e kct ro d ea In tbe bhek 
cborute CUoroceO. 

Tbe flow of ull aohitktQ ta adytnted by meaae of the ecrew ralrt cro the 
front of tbe ‘'Chlorocell'' until tbe rotameter in tbe tube below nfbtm 
100 ml per rmnute. 

The twitch of tbe variable retrftanee at the top right comer of tbe pawi 
Txriea the eleetnc currant at indrcated on tbe ammeter nd tlua yields hypo* 
chlorite m direct proportwn to the carrent. 

Tbe tilt 0 cicctrolyaed to aodnnn faypocblonte a powerful gtnmdde, m 
its petsagc betwe en tbe dcctrodea. 

Tbe hypochlorite a then drawn into tbe water tapply which b rendered 
stenk after a ihart period of contact (The flisa vesael boldj chlorinated water 
heavily chlorujated in tbe cahlbft) Thia apparatus b dengncd for a flow of 
1 000 to 3,000 gallons an hour 

The apparstus can be niodifled to make a solution of hypocblonU foe 
b-oapttal use in place of Dakin s or cdtcr atnular sohitlona. 

Wtft Btsk antt-Baieatu Mttiag. 

One of tbe greatest drawbacks to tbe efficiency of uwect repellents tppBed 
directly to tbe skm has been tbe neceisrty for frequent appbcittOQ in order to 
mjintaJn the repdleot effect 

With the object of obtaining protection for at kasl one night, eipexnnenu 
Imx been made with wide mesh netting im pregn a ted with dhneihyl'phthalate 
(D MJ ) and used as a covering foe the exposed parts of the body 
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tASOUTOKT VTlTnO 


I^Mhifas 

TmmhtaU aAoboU (io danur). 
T>''^rtr#*w Umfm fin P \ A. mounotu) 
uMt\ (m d^mai) 

Aml fytm mt (doml ctd vcntnl tItw f 
curfnrium, to mi) 

Ptiialns fciwwuu (Qf« tartbry in 3 pcr 
ccnt, fb^ntEs) 


Aaopbrtn* mxj cuBdae lurw k\ 

p*™Joncd 

Cm/a PifttMi Osim] Tirw e 75 p*r crot 
tkofaol 0aid4aoaiii) 

Cm/SfJmrm (ffwtttl ritw <rf J and ? btadi, 
A wX 


Dr A R D Adjons toA Dr D R. Seales 

Hit mata •! Itttcftn tmlmMl of ili cam tr katt-tm vu todtaa 
utOffloBrl tartraU 

Case btstonea and temperature charti were sbovn from six cajca of Indoo 
kab'^axar treated vith a 2-day courae of sodnun antimocijl tartrate oo the Imea 
described by Alth and Butot (1&16)* for icbotosoamasii. 

The total dose of the drug iraa approximately 12 mg per kg of body 
weight, given m fix mtrtveoom mjectiona at S-boorly mtcrrali oo 2 sotceaslro 
daya. 

Feror of the six cases Trere apparently cured by a amgle coune. One cxm 
reUpaed after a cUmcal ttsprovement bstmg 6 weeks, but was cured by a 
second courae. The remaining case shoired no hnprtrrement whiterer after 
the aotmiooy and was cubsetpienily trentd with peniaimdine. 

ToEC aymptooa were not seteu. All case* developed p ajin yi ms of 
coughing hsmedtatefr after one or more of the injections In sermj mttaaces 
thts was foQoired by roouting. One case developed a toxic jiundice 2 days 
after the injections. D cleared up in the ctnne of a fortnigfat. 


Dr D 8 Bertram 

Tbe [olMthtty e( Ufmjmu J«r*t/ «UB rwixA. 

Sosee the ongmal observatwoa by Williaio and Bawx (l&15)t on the 
role of the troplcsJ rat nuie, L. hacpti aa a rector of the Qmid worm, L. arm 
to cotton rata, immerous workera m Uua couniiy and m America hare studied 
the infection with a new to rta use in chcmothrrapemic research. Methods 
of feeding known numbtfs of nulca oo whrte rats and cottoo rats at known 
intervals were developed by BorrRAil Umwowni and Goano't (1946) 1 

Tables were given of a result obtsmed utuig these metbods m which 
nutes infected from a coClon rat srhh a high micro61ana ownt (2,625 m£./l 
cjnm.) showed a higb percentage rate of infection (33 per cent.). The nutes 
were infective to rita aa early aa the I5th day (or third meal after becoming 
mfcctcd) and retained tbeir infectinty until at least the 25<h day (fifth mealX 
ALTta, W k nt D ^L {1W«0 Tha mwmn tieaimejt of whh irw vn brii 
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re®*o5evelop®e®a'-^' , P D »avto „„ „ « tahotoot, 

, Hagans, f L!:T:«“afto.ef frrotton catf 

T canmi is a b , ^ ,.be tropic bdedical 

hispidus) cotton rats bSational rats on a large 

l^es in the nests of tvd rransmit it to cotton 

Arrangements na and to ^^vestigations 
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scale so as to pro bedding l^od Clean rats a 

tber^py Ol tollows (^filanae mjbe so,that^^ 
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i>uiMUTO»T Mucraa 


Photogrtphs were ihcnrn demoojtrating tliete tmn^enu tnd tn iduh 
wonn, mtfa a tr i cd ifire a vttro in a medium of *cnim and Trrode aohtwa 
ww cihibitetL 


Dr P L. La Rotu 


Sietten of *kla and aaWatti af aa ax iborfad GW(A:« 


Sn ariti i 
HaaUD Rl 


DitraSlarkt of umamart* navMa 
area, LMncitact Rottkm Uodofa. 

Z. Partlea of aiWataaaaai aaatlt ifiowlir lafaatatba af Qm aanaaottn 
Qtsna wUIi Ika ajltl at (T) ChU d as iT hm miU JUntd ftlt. 

Theae cjxt* bare been obaerred in the conMctire t»*ue throughout the 
body and m the naaal mucoca. The paraaJte ta of conunoo o cc mTco c e m catde 
from B etb u arala i>d Prctectocite Capnai Stnp m South-^\c« Africa and pam 
of N Rhodetia. It haa been recorded from the Traaartal and probabiy baa 
a Tcry wide dktribirtwn In Central Africa. 


3. ParUaa at M/ af a fataaia OncAacma atratba traa a nkatasaaB 
DodaJi la a Baa froai OanMa, thovtnx two *' aianmliij ahlatkat 
to aaak Lattr>nta) ipaca 

Theae tubeudeokr atnaiiooa are aoalegooa to the tranarme atrljtioos of 
the Tnehoatron^rKbe and come other nematoda Tvo aubcmicukx atnalbia 
to each mter ragti apace hare hitherto only been recorded io 0 r^fnrfwti of 
man from Central Amenc* and m O /iUom of cattle, both of which ecear m 
taodula tnd in O heafilu vhtth oe e m a tmeneapaolated in the gtrtro-apknk 
ligament and m the cipook of the apletn of cattle in the United Smet of 
America, tod in Anxcraha and England. 

4 PertfM of a fnnato of ao OadUcwca if Irtffi a ra>«otaBtt«> ledBi la 
tko regtos of tha brlikft ta a taial] AfrtiaB a dajktr (Ctf 

pW frlMu) at Rtth baka itatrtel, H Bkidoala. 

Specunena hare bed coDccted from the tame boat and other dmken m 
nnoos pam of N Rbodetk and once m Zahilxnd, Natal. Tha ip eoq from 
oodaka in duften ta morphologically eioedy related to the nodalc-fonmnj 
tpedca on man and r«»k but occura m areu where caae* of oochoccrcmli In 
TTian hare not been recorded. 

3. iBtfjtPMBHr raekaearctuH la ta ax. Vertban BHodtda. 

Thu form of OKboctroaait haa it times been mistihcn for Cvafscrrcm 
km infcatiticm, AU mnadei of an amiml may be in/eatcd. Cases bare been 
observed amongtt ilaughtrf amnub imported from Bechuanaknd Protectorate 
and Sootbem Rhodera. It also ocean In cattle m pam of Natal, Portufueso 
East Africa and West Africa (Gold Coast Colony) The parasite u ftoeraDy 
accepted to be O gihjom. In Southern AfrKa no cases of human oocbocermsu 
hare been obaerred m the endemic areas. 
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i-AMUTOtT vrrruo 


In thtf wnrk, the *€ 111 ] dilution method (Mataw 1W6) wt» followed 
uilng the tube* mjteid of HAoeer** onpiuJ one-tnbe roetbod. The ternl 
cephiDn flocculation (S.CF) cuirc* ww obtained by pfottmg tl» degree rf 
fiocculatlcm as ordmatc igim« the acm] dHutwia aa abecim. 

Four m am S.CS cams trete noted — 

(1) S.C F Curre 1. — Found In beaJtbj Tohmteax 

(2) S,C,F Curve JL — Found m tntb Drer 

(3) 8 CJ Carre m. — Found in eaaeawhhretictilo-endothelki «tnno« 

htk>a. 

(♦) S CJ Curve TV — Found m allcrgir and aotne tndocinie <1 !**■*«*■« 
atadicd. 

The toechanxam tmderiying the S C J currea ans demonstrated, as well 
as the cxpemnentil producuoo of thoe currea. Evidence was prese n ted rlxt 
the mhibrtmg factor rerealed by the 3.CvF currea which waa shorro by 
DD«m and Mataiu (in press) to be m the albumm rtaidue and which & 
rcaponsible for inhibiting the fioccnhtmg actinty of the y globubn, is m £■« a 
Tftuiascf factor of bnportance in determining the course and outcome of this 
atmggW between boat and pamne. Tfaa different clinjcai manifestations m 
malina, the therapeutic effect of (pnotne and atebnn as well aa the chnka) 
outcome of mfeetcon m min, ctwr be expitmed on the dSeiency or uie£aency 
of tha Ttmtnet factor Fundanenta] differen ce a were obaerred be tw ee n 
P mas and P fahpanm infecoons In the latter a moeb more narked 
mttal depletion and a much tesa astofadofy response of this malaaet factor 
was noted when the anumalana] drugs were used. An ia media ft arid transient 
mcreSM m this reatstance factor was brought about by Taccmation with TAB,, 
azul a Tnwh leta resistance betor dcpletioo -was noted when vaccinated indi- 
Tidoais snccinabed to the typhosd infectton, aa compared with unrsednated 
indiTtdiiak. 

A more detailed account is W the press (Avatars), 

Dr F £ 0 BUoMD-Bthr 

A sarttf at taspsratars charts ol csms af cicala IhroDkiHMMi bi East 
Atrteaa toWsn {oQowtfig TSBcpanetais, 

Five charts were shown represmui^ the three mam types of Una syn 
drome Thnnnbciphlebida, relapsing pyrena with tuff neck, rdtpsing 
pyreua without phkbrtti or cuff neck, relapsing. 

Dr Koineth HeOaohy 

Effiats ot motestta Utes on naxu 

Different mdinduais arc known to give very vined reactKns to the bHes 
of blood-aockmg insects. Eapemnenta have thown that with sevefsl tpecKS 

aLutou.; (1WS) y trap Mad, Mft « 
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i-ucfitnatT ncnxo 


•II end to tide •n«tonBw\* to t*ttbb*h boirtj continnitT 
20147 


Death occnrred on 


Eummautra of the c*eciin rtvtakd • Urge necrotic trca which had per 
footed on the pottmof •jpttt near the flen-cofic The whoje c*ccniii 

WM grettif thtclcned, m Mine ima bong orer IJ inche» in ihackneM whdit 
the enure loucoo ww replaced by extensive uicen with thin bleta of epllhcTraiD 
Inlerrening Sections reretled luunerous fstcModw The appendix 

was alit op bat no macroa c optc endence of okeratlon of the tnocoo was viilblo 
and aectiom faded to rereaJ «ny E kut^ytic^ 


P os itt o ritm 

A well ihut off *abphrenjc abecesa on the right aide w« preaaiL Leakage 
hid also o ccur red from two ulcen juat below the aplouc flexure where a 
peDcoDc abaceta had formed. The liTcr wu normal The larp bowel was 
studded with mimcrotti okerx of ntying aixa from the walla of which E. hst*- 
fyhca were demrmstrvted. 

The mtereatiTtg f estm ea m thia caao are that the deceased wta it fuQ daty 
up to the day he reported atek on 11 1 47 m spite of the rttenirTO brrolmncnt 
of his colon, tnd hra categoricti denial that he had rm serred oTtneaa, aUhougb, 
as tireidy sated, there la an elenent of doubt as to the Ttracity of tins stxtnna,t. 

1 A eass sf afliMWaiti sf Cbt ksSMkx. 

Tha enuan, eged 27 years noticed « hmep in hia left buttock 3 weeka 
after bn cmnl in Fngt«n4 «Aer • tour of Id in India. Apart from some 

ptm on aitung this gave ham no trouble and did not interfero with his Donna] 
actintfcs. Four months later the swclbng bum and iCacharfed pus, after 
which the pain be e s m e more serere, and he waa adnuded to hospital on 
4 1 47 The abaceia wti mcised on 8 1 47 and two main canties were found 
communicating with each other Pus from the ainua grew 
avrnu. Healing eras retarded, and in apHc of a full course of peTucfllin the 
abacesa had to be re messed OD 21.2.47 Corettmgs from the fratoerpm sinuses 
were sent to the ILAJ Institute of Pathology and Tropical Medicine and 
E ku1ofyU£s were seen in the sectiona. The patient waa transferred to the 
Pnneesj Mary’i ILA.F Hospital, Hahon and actiro E haofytut were found 
m the curottings from the sinitaes. Signjoidoscopy showed two small petechial 
ha^ i m nhj gp s on the antenof wall of the rectum but no commurocatjon with 
the abacesa could be detected. Scanty E kuUi/tuM cysts of a minute strain 
were present in the faeces hhotigh the paiieitt stated he had nertr loffercd 
in the past from dysentery or serere diarrhoea. 

Kr P G Shuts 

fpwtmsos e< Woof yaraUtas attlasf wiU Lshtaaaa iJaU akk* bai 
rsUtesS tkstr soteurs (sr oaxy yaais. 
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.o<dUd «i« d.ppei:p r^» “i 
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lABOMTIWT Kcrnxa 


team idrHabk to mount with eup^ btforc cxinunlng with an oij nmnen on 
kna, etma which arc to be preacired for a Jong tune. Xjiol tendj to become add 
If kqX in partially filled bottki (Ltti I Mtatm p. 72) Tha being m 
fihna ahbcmgh neutral, may be rendered wad when ijdol ta wed to drwilre 
the ofl and fading will quiddy occur earn though a neutral moonting medium 
ia u*ed. 

If film* are bright pink after being atamed, th» a proof that the •t»rr,ir,^ 
aohjtwn u acid and nich film* will mkmi fade, beginning with the cytoplann. 
The general appeannee of film* wbeh keep well b i pale alate coknir 

Ur J 2 Sfewmrd 

Tbi mocottix *( tUegfcal t>«e4nim In p«t 9 «z (iiftliyl BftbaaTTtata 

BMM&tT) k 

Prtparmttam of tht MoKomor 

Methyl medMOTlate tnoewroef b aatuTfaed hf tW adduioa of bytJro-gokntM which 
hw to b« ruuDiaii bc{(w* ih lckeahw and tttdofc cao occur 

RnnoTiJ of tb* h 7 itio<qxcAccw amf tw aflicew d by ot waaUia twfea with 

5 per cant, ewietk aodj m m imulo f tmael — renninc off tha bwrwr csiwli:. Tlw iiw(k>> 
mtr h tbn waahed tmtil cbe tKpnd b oo kin<«r altohne («cat with ptwiMtQhtKabial. 

Tha metfarl c&ethacrTtate naavaiar b then rm off nJ d ch y i lami wim tbhad ctkfm 
ehkrick for 2* hocuv it b Uwo Qaeiad thtomh £hrt paper and OMpd, oc ttond in a 
reH*emor 

Prrporaxtm of E*h*iixMf Srrytp 

A i nJmr a c nn t iin i ai U parb by rolnrat of vnhed nwiby l aethacrylM swawtser 
cii a itifijlfn 0^ per cent. Mn^ p e raarf a ftw wc^ht) md 13 pana tfaiwuh-phthdaeai a 
tn (ahbh only b* faau ptv*?' ftwit wttb an air cecdrcMa' Uring 

botec wBcr hath t4 At«H i i iy tiba abam 9) r w i n tgK or with an oil bath ct 1)0* C. about 
is narnttca. The mixture b* afaafcea three ot toar dcoe* duratf tha eroceaa. If 

reacthap beeme* rioWat the flaek tbwild he tnwnrm d Id cxld water whkn ahawrid be 
keyK at hand Car the puipoea. 

Tha Btfoaoer a duckraed to the nm kr ei m ecarvcsksl r a tg ert y Iwtt it ifaouU be 
raDembared that ayrt^ thkj^ra furtber ia awhs; It aheadd be ato^ Jo uLwuato r 
txttfl taed. 

PnfoTottm of Sptamas 

Specimmi filed by one of the xwu»l method* most be completely dehy 
drxted ** any reaidoil motaurc c*uae* clouding of the peripex. Before embed 
dmg the apeefraen m*y be p>aked m ontbickened monomer or m 10 per cent, 
•ohrtioo of benxoyi peroodc in chiorofonn or boiled for a few aecondi to beii- 
xenctoranerreair ti^tid pefletrattonafthemcooroeT Afterboaltogiiibejiieiie 
the tpeomen tt placed for « few moment* In two aoccewire batha erf monomer 
Air m*y tho be rcraored by aubjeeiioti of the apechnen tfitr embeddosg 
to the pimally polymemed monomer to a preaaurc of 30 on. Ilg. tn* ncuum 
detKcator for a penod depending oo the *i*e of a tpeamea 

Memxing tke Sfeamen. 

Pmtwddmg cell* may be made from *b«t* of gUw held togctKcf by 
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le 

to tht fculgd teclinjqot but oo nJlabfc counler mm hu yet been found, w 
only rmclcar materiil mnu. 

(6) Showed the chroittoeomei of the dividing adoh, tfter wet ftnthm and 
hydrolyto in norma] hydrochloric add at 60 C. aod mined with Glcmtt. 

(7) The chromoaomea of the mature female gamoot cr gamete ahowiog 
the three chramoaomca in prophate 

(8) Preparatloru ibowxng the nucleolus after wet fttatwo in Smith • 
1940 f^ormufa (ace DiaLneoTON and La Com (194^ TV Hadinf of 
Cknmuaomtj London), and hydfolyaed m nonnaj hydrochionc acid at 0^ C. 
for 5 nunutcB, mordant 1 per cent, ammonimn molybdate 2 nunntes and 
atamed with Giemu. The nacleofua appean ta a bright red body in tbe inter 
phaae or reOtog nucleui 

(S) Sbcrwmg a mitolic dxvuion, anaphase, of a male gamoot (ihort form). 

(10) Showing the latent bodies formed after aonal union of male gamete 
and female gamete with one or two nuclei and rix chromosomes In ranous 
etsgei 

The purpose of tbe demortstratioQ was to show some of the methods used 
and the type of prepanuon obtained m atodjmg the chromoaomea and semal 
cycle of T rhoimem A fall record of data obtained on thia subject is at 
presect in prepanuon for pubheattoo. 
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PAPER 


EXPERIMENTAL CHEMOTHERAPY OF FILARIASIS 


JAMES T CUi:..fiERTSOV.t 
Drponmm rf BocttnOrty VrirmOy Nm YtrA, 

fat olkbondkn wkh 
Kautt &L Rcrix, 

Drpm tM W H rf Ctimdy Vrkmty A/rr Imk 


Ttnoxo KnMAXDO-^ltMuui lad Jaai Oun»<kr<iujz 
Dtp,wtmt*ti tf aW tf MMbcaf ZmIco 

Seftml V Tiwfnrai UrSumt .55** JaaM, Pam^ Jih» 


Lera Ftm/nu Orm Fkamskd Rtnx Rent M>d Roasro Nirm, 
ilfxkmn Grtrrammt Hrtpitaiftr Omt^actnima lacmsfatwo 


Before feiin^ toy p»pef tW» crenuij. I with to expre** to the CoonaJ 
nd to the FeJIow of tne Royil Sodety of TropiaJ Metheute «<ifi Jfyyi ef e 
my gntrtade for tbe prlnkge of bong bere. I imo« my termi co-worken 
nbo tre Qused in the ro p ect i K woicau of tbe work with wUch Jjtd 
to do «C 1 tnke pnde m the &ct that you hare »een £rt to tak that the paper 
be read. 

Perbapi oo eobfect In tropiaU raedidoe it, by tradjtioii, more appropriate 
to thn Sodety of which Sir Patucx MAHsat was the fim preddeot, aod 
to bianaon House which wtt erected to hu loemory than ts filanaaia «Tut 
ttzrely no aspect of filarial (haesae would hare appealed more to Mju( 10*< tbao 
a rrwjTn of enkEcatnig It from infected aub^erta. It la my purpose thii c r enl ag 
to preacnl for your considention data wfaidi hare been ajlcc^ in the coorae 
of a fairly large project on the eip cn m ental cbemothenpy of certain nnetica 
of filarial infectum. I helievr the data rrpreaeni a true, prectae and logical 
record of our obserratioot. 1 tbmk I may aafdy atate that theae data uuEcatc 
tVat under the expetusental arc u o a t a ncea wtach are deaerfbed, it ia often 
powble advcraelT to affect filarial paraote# and occaaionaDy poaaibJe to 
eliminate at least one TsnctV of theae wonna from aub^ecti by tbe lntmnre 
apptcatioo of apedfic drugv Howercr I roah partkuliTly to make ckar that 
at thia time tbe routine uae of the methods here deaenbed not rccomraend d 


Thji study w* i t y p crtrd fay trant* to Columbw Uorrmity from tVoulirop 
Cbenikrf Omp«y Ine- md TVaBhrop Produtta, Inc, of S*w ^ o*V C*y 

t FdJow IW7 ot ibe John Sirwon Cutfenhoim Merooml F^*md*tion, N»w Icrt 
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. Chemotherapy 

Chemotherapy infections m n^ - 

CheTnotherapy r^r/:a 

*T.TimS (LITOMu 
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II 

III 
IV 


Q^chocercu - 

IV Chemotherapy ,t TTOMOSOWES 

».s ' “-“ii: " ■sHs"SJ'a 

pentavalent antim ^ ^ birbour when this filarial 

rats rodents andP^^^^^’ ^^usually dispersed 

percentage of th«e ^ CutB^oN ^ ,rid usua y ^ 

(C"be"th Pvlase of tHe -orm rat and ’--^^r^te-ntensiv^^ 
infection, th space of th penp^^ral bl ^^^^^tibosan, and 

throughout th p c-ant penodicity, neostam, ^eeks or less) 

7,4. *“''>1 "7u74no„y ““Si are soon (• « ■ ” ^SSe dose of 

treatment with ^ adult par followmg a u to afiect 

Sarrose i77es-t'“® “‘“'S ”>“0 durrng 

klUed, Microfilariae, iji the penpheral Le-treatment 

drug and although then nurnb ^^^iii to thereafter, 

permanently) Arue treatment, t ^ g ceased ^ , drug» 

S short penod of of drr^ ^ faUed W f"|„„e- 

level as soon as ^d ?TSnes until none cari be fo treated 

ll 0 ^vever, m ^ in the blood \ before the blood ^^,,iogianae 

number of "^‘^^^iitbs are required tor embryos, ^“"^^Mlo’od bas finally 

times several tjlood is , that is, one wbos searched 

ammal is clear an amma , ^rid its pleura P having 

do not re^PP^Me'for microfilanae— be J^ost mvanably show evi 

become negative almost m resorption o^n 

!s::7r^7snd*^™“»sr«r- 


long -“Ta rvil-hearod r- “ i;morons rn rho P-V— 
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From the forcfoing and from the dctrikd d»U gnm m the papen prt- 
TiCKuly cited, it u mdeot that the adult parante* in the cotton rit 
arc aubatannaUj- more Tuloenbk to the effect* of therapy with penUTikBt 
anQmooy as described, than are the tmcroGlariae. TTse duappearaoce of 
nucTofilarue from the circulating blood of treated animals, in fact, seems Urgdy 
to be not the result of a direct action of the drag upion theta, but mlwr the 
LniErect effect of the destruction of the adult worms by the drug After tkj» 
death of the mature partsttea, microfilariae wiD no longer be produced. Hoiee. 
the blood wiD be negitiTe for filarial embryos when those present m the nr mt* . 
con at the tune the parent worms d»c are destroyed by sriiateeer antagonistic 
forces the host animal U able to bring agsmst them. 

Following this prfclimlnary wnric on trea u peot of the cotton rat 
which has just beai described, h was deaded to m rati gate tbe poasibdxtles of 
treating human filanal disease. Dming the last 3 year s (tince March, I&M) 
such work has been earned on, aikl I wish tonight to offer data on patients 
who hare imdergone treatment for the p r esm ee of any of three speaes of 
filanal worms 11 arhrr/na h^acT^b Loa ha, and Oadtoemm voindat. 
Deddedly the largest part of the effort has gone Into trestment of the bancroftian 
disease, and an eaiended dcscnpQon of this work will first be offered. 

n. CHEMOTHERAPY OF WVCHEH^MA BA}\XROFTJ 
INFECTIONS IN MAN 

(In cofUhoaQoQ with Haut M Robe. Fedouco Hasxioa Motuixi, 
and jewf Ourtx Co'QU.ex ) 

Tbe work oa treatment of patienis with JVitdaTmm haxnfu mfecnon 
was earned on m Puerto Rico, West bufica, upon natiee subjects in. the Uni 
%-eftiry HoapOi] at the School of TropIcaJ Medicine San Joan, or at certain 
Tnmttr Homcs foT Children near San Juan. Since other mresuptora bad, 
roeanwhOe, i TpotCc d the successful therapy of cotton rat fil a nisi s by the 
admunstratioci of ififfcrent antunony compounds from those tried in my 
IsboTi t ory as well as by arsetuod prepare tloos {R/porU to tMr Ojjhr oj Sant^ 
R u tmr tk OMd and l&tS). t was deoded to use a fairly large 

aenea of these drags for treaOng the human disease Altogether the work lO 
human subjects, therefore inTotred u>e of stren anmnony-caatai r J n g drap 
snd one srscincsi. 

All of tbe patients with IT baamftt haw been obserred for at feast 1 year 
and some hare been under obserratiem for 2 full yesri nnee treatment c ea sed. 
Four ptogTcas reports hare already been wntWn from the work, these offcroig 
dare on certain patients 6, 12 cxmtbs (COLBomow, Roaiand OuTEa-OoWALE*. 
l&W), 15(CrLBErr»ON Roa and OLren-CcmAUl, l&W). and 18 
Roai, HDLxuraa MosALta, Olivi»-Comai.e 2 wd P»-tTT IMS) roomhs 
respectiTclr after treatment ended. 
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(18 to 38 years o > v/as kept untreatea 

■when exanuned y fifteen patien (neosubosan, 

War 11 ^rP^fiects of treatment preparations 

infection and on ^ pentav^^n ^j^valent antim oxide) 

SL\::rdV»asad»n.a.eredor. 

^ deterrmned from a m of blood let dty^^ equal 

the blood ^"“^^t^dned blood ,u distilled ^'"^;eStoxylin. and 

observation ^ere deVr-^^^°^s^ed v.ith Bull^^« ^^rsearched for 

microscope su ) ^^g^^^te ^Icobol. ^ fdms 

narts of ether an ,lilute aciQ- ^ _ w^trroscop^ __ „*>fTative, 

P> AS neces 


ne Ttv-e dried — „inKinized m oisuia^t. wmatoxynu, 

ibservation ^ere deVr-^^^°^s^ed v.ith Bull^^« ^^rsearched for 

microscope su ) ^^g^^^te aRobol. ^ fdms 

parts of ethe m ddute , t microscope negative, 

destained as n ^ emm blood , ug obtained 

microfdanae nnder P ^bose 60 e mtn bei^ 

““^'?Krs:drSnt *ch 

10 c c of noctu .1 salt solution 1*^ ,T,d centnfuged 

2s-%SS=rrr=.--“" 

several r microscope 

ytasonys OnyM.- 

Stoiiy i® 6 « 

, single “''P^^lJStherapyttotnena'^"; „„ch more ,„ the 

SiSsr:r£rtf-—“- 

later vjork to apply 
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period of TmuUj 2 week*. Moot of thoe pihcnU were booprtiExrd danng 
the entire couroe of treatment. Daring Intenwre thcr«py two do«* of dmf 
were generally given drily mjectiaQa being made at 8 a.m. and 4 p.®. In the 
fcTT caaea where three drily injecbom trere made the third wa» gi v en at 1 ] ajn. 
The prtcUe doaca ad m t n Htered on each day of treatment, u well at the rcacooni 
to drug aeen donng therapy have been presented In detail foe each pment 
m an earlier pabBcatioo (Colfeitiow rt «/ IW8). 

Ktorrt*o»AJ« (Wnitbtop Chemical Company). 

Altogether three grerupa of patiaita tooUTing thirty five indmdualt were 
heated with oeoatiboaan. Groop I, which conriited of twenty peraooa, were 
given a compiratiTtly hght coorae of treatment, mott patienta reeefT mg from 
6 to 9 grammes of drug in from 33 to 58 days. The ten pertona of Oronp 11 
were given the same bghi courae of treatment, but 9 mcuitha Uttr were inten* 
rively retreated (9 to 12 grammea of drag) for a penod of 2 weeks. Group III, 
corriatmg of fire person*, were giren a amfle intamve coorae of thcra py dnrmf 
2 week*. Hie esacntiil mformatlon on the paDenta, the adnnniitratioQ of dmg, 
and the resolti obtrined are tirgimarited Jo TabJts I II and HI 

Of the twenty paoenti in Group I who with three e to ep oon i were tQ 
foQowed for 24 mostha after trea tm ent ceased, fifteen became free of dreu 
bung mcrafilanaa. Of the fire who were not negauit, two had rery low 
pariiite count! which appear Cfcely toon to drop to aero the three oiheri, how> 
ever tO of whom had had negatm blood samples at aoioa time donag the 
obcerratlon* still had pamtea in their blood stream and presented good 
evidence either of re huecthtn or dae of rriapae of the old infections. One of 
these three »ubjccti b o wer e r hid received only 1 3 grammea of drug in 9 
days — the Cgfateat treatment given any patknL 

Of the ten patients in Group fl all of whom were followed foe 14 roooiht 
from the end of the seovid course of therapy seven are now negative, and the 
iT n u lmruT thfce hive yfi rnpar ativelj few parastca. Of the fire pancnti m 
Group in foUowcd for 16 monlha, three are now negatnr and two have 
sharply reduced nombeia of mlcrofiUfiae- 

Ttken ahogether of thirty fire patieni* who were treated with neoitiboaui 
twenty-five appeared to hare been freed of mfecnon with IF Aa-wri/jt, and 
five others appeared Dkdy soon to be free of the infeecao. In the renmmng 
five individoalt, the dreg, as appfied. h*d leas than a faDy curative tenon. 

KKWTAit (Dorrcaigb* WeDawne). 

Eleven jwticnu were Intcmvdy treated with neoatam. from 5 8 to IM 

grammea of drug being admuttftered to moat patients in 14 or 15 days. It was 

di&uh to trainmn the drug in most paticnu becsosc of the severe reaenwa 
gentfaHy seen. 
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Fitv of the patients wvre appareiitl/ fmd of mjcroSUriae bj tbe 13th 
Ti^iyih sftes trestssent ended, end all otto padents (et ce pt No. 11 /MO., 
srho vu foOcKred for onl^ I moatb) shoved a ahirp reduction in the cumher 
of pamhes preaent. It appears bkcly that the blood of addhioaal patients 
treated vith nroatsm 1*10 become nejatiTO as more time elapses (see Table I\'). 


t’U.t rm Ofxxt (£. R. Squibb and Sona firahinachar'). 

Tsro prcf«ratiaoa of urea adbandoe were used in this stndj — one beinf 
obtained from E. R. Sqdbb and Sona, New Yofk, and the other from Brah 
macharf, India. The Sqtnbb preparation was decidedly the leas tone msterisl 
Three patients srere pren apprntimately 7 franunea of tbe Squibb drug in 
17 days. Three patients on the Brahmsefaari drug rtcemd from 3 3 to 4'& 
gnznmta withm ian» penod. 

After 16 moothi, the bloods of four patients were negstiTe and that of 
the retpaimnf tsro uuHriduals had coniparatiTcly few mianfilanae. No 
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II 

hnnanfu) aivts two counsES or neostibosan 


Second course of therapy 

Microfilaria 
level, per 
cent change, 
entire period 
of 

observation 

DniR 

piNcn 

(tjrimmc) 

1 

' 

Da\s 

of 

treatment 

Number of microfilariae m GO c mm 
designated times 

blood at 


Before 

second 

course 

At end of 
second 

course 

Months after end of treatment 

1 


8 

14 

m 

10 

n 

1 

o 

0 

0 

0 

—100 


14 

05 

11 

10 

0 

0 1 

0 

—100 

■S 

0 

IG 

1 

0 

1 

0 ' 

0 

—100 

■a 

15 

07 

0 

13 

4 

0 

■ 

0 

—100 

0 0 

11 

05 

0 

0 

0 

1 

0 

—100 

I.’O 

14 

31 

21 

11 

16 

o 

0 

—100 

n 1 

15 

284 

00 


35 

mm 

0 


12 0 

14 


67 


15 

■■ 


—99 

10 0 

14 

00 

30 

1 

28 

26 

o 

—98 

12 C 

14 

75 

40 

1 

03 

41 

18 

1 

18 

—70 


difTtrcncc m cfl‘cctl^ cncss ws '^ccn between the two \aneties of urea stibaminc 
(See Table V ) 


STIDA^0SI: t^Wnthrop Chemical Compant) 

Onh fi\c patients were treated with stibanosc, these persons being given 
13 S to 15 2 grammes of drug (in 6 67 per cent solution) in 11 to 13 daj's No 
reactions to this drug were seen m am patient at an\ time 

Twelve months after treatment erased the blood of one individual was 
ncgiuve for microfilariae and that of one other had verj few parasites The 
three remaining patient>, however, all still presented es'-entiallv the same 
number of parasite-s as that ongmallv seen (See Table M ) 

ii niN (^\tnthrop Chemical Companv) 

Tiftccn piticnts were treated vvith hi-'din ino>i of thc'-c being given a 
total of between 3 s and 6 1 grammes of dnig (in 6 1 per cent -oUiiion) in 
roni 11 to 14 davs I'lndin as idministered w is no well tolerated bv the 
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I>\T\ O ‘fc IA7IISTS \MT1I tl l/r/lrriTW bancrojtl TnrATTD WITH t-RT.^ STinAMIVE. 
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tuimWr 
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(lb) 
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j DmR 

1 Rocn 

1 (fTvnmc) 

i 

1 

1 

1 PcritHl 
' of 

trcat- 
1 mcnt 

1 (d-v's) 

ShowioR jVic number of microfilin’c in 
Go emm of blood from treated patients 
at dcsiRnated times 


Alierofilaria 
lead 
per cent 
ehonpe 
, entire 

penod of 
observation 

Before 

treat- 

ment 

At 

end of 
treat- ^ 
mcnt j 

Months after end of 
treatment 
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^ cro»OT«nuFT or rriAiimu 

ptacn^ I^'^tadtobeocmttedfreqniajdfinn»«pMfaiti,tndw«Bi*pen{W 

entireiy in iome aue* bccxuae of tev tst mc&oat, 

Fift^ moxtxha cftcr tnatment coded, that p*ti«iU mn tppartntly frw 
of microfilirUt, «ul lU oUien b»d <kad£diy fewer pwruitc* in thdr bJood 
btfort tnatmoit. (S« T»He Vn ) 
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AB «!• mtira. 


AXTuTOluLiin (Specu Mmi md Company). 

Twenty patitnO were treated with anduonallat ten of ihae bang Jtrren 
the Sp«U pcodoct and ten ibe Merek pceparanoti. Tbc Specu drug ww 
grren orer oauaHy from 17 to 2) day*. ino« patient* rewmng f«cn 3 to 3-6 
grramei of drug fm 6-0 per cent •ohmoc). Fr«n 2 3 to 4 2 gremme* of tbo 
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faction to drag Ui on« rabjfCt etrif m the couw thb drug «r»i ner^ ipphed 
inteo*Tely All futicnu were green only between 0 7 ind 0-S gruune of 
drag in I per cent. »ofation n 14 dayi. AU of the four pattenu abowed a 
dedded reduction lo murofilance m 13 mootha after treatment ceaied, but no 
IruGndtial wti negatfre for the parantei (See Table X.) 

ttEUKset OfiDC (Parle Dart* and Company). 

M atated earCcr aome aubjecta were orated with radaracn ood orally 
and otlwre by mn. Three pabenu recored th drag orally m 50 mg caprul 
three tune* daily Ahogethcr the three pmoo* recored I "05 12 and 1 5 
gramme* of drug in 8, 13 and 14 diya rapecnrely Th rcmajning fifteen 
peiwmi were giren a total of 0-03 to 0-09 granune of the dn^ diwolred la 
propylene glycol intraroioorfy orcr from 7 to 9 daya. Although mojt patKOt 
<Dd not react to the drag in any way whatercr tonie indindual* mamfcJted 
aerere rapoaica. Two eubjecta de^oped tr»enical cnccphaltCi* and wrr 
grardy ill for a week oc more fortunately both patienu recovered, thhoogh 
one coQtiaocd to ihow partial right aide paraljai* for at least 12 rooothi. 
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Table X. 

DATA ON FOUR PATIENTS WITH FILARIASIS {WucheTCfia batlCTOfti) TREATED WITH TARTAR EMETIC 


Case 

number 

Age 

Weight 

(lb) 

Drug 

given 

(gramme) 

Period 

of 

treat- 

ment 

{da>s) 

1 

Showing the number of microfilariae m 

60 c mm of blood from treated patients 
at designated times 

Microfilaria 
level, 
per cent 
change, 
entire 
penod of 
observation 

1 Before 

1 treat- 

, mcnt 

J 

At 

end of 

treat- 

ment 

Months after end of 
treatment 

1 

3 

6 

10 

13 

IRCF 

j 37 

140 

0 79 

14 

' 174 


174 

167 


0 

6 

—94 

2EPD 

27 

140 

0 73 

14 

215 

177 

267 

108 


13 

49 

1 

—77 

3MJF 

1 21 

121 

0 77 

u 

! 

66 

45 

46 

13 

■ 

0 

16 

—76 

\m 

25 

m 

0 88 

14 

281 

267 

208 

83 

j 172 

30 

113 

—69 


All arc males 


One of the patients treated orally lost all microfilariae from his blood, 
but the remainmg two persons still presented parasites, although m greatly 
reduced numbers, 14 months after treatment ceased Of those treated by 
vein, seven were negative for microfilariae and, after 13 months, all others had 
substantially fewer microfilariae than before treatment (See Table XI ) 

Microfilariae in Large (10 c c ) Samples of Noctornal Blood 

From forty-five patients — ^for all but mne of whom the 60 c mm blood 
samples had become free of nucrofilanae as the result of treatment — 10 c c of 
nocturnal blood were drawn and carefully searched for the parasites by the 
samples, thirty were also negative by the 10 c c sample The re mainin g six 
patients, who were positive only m the 10 c c samples, presented only one, 
method descnbed above Of the thirty-six patients with negative 60 c mm 
two, two, tiventy-one, twenty-two and twenty-seven microfilariae, respectively, 
in this large volume of blood As would be anticipated, the mne patients who 
were positive by the 60 c mm blood sample, all presented many microfilariae 
in the 10 c c of blood The data on this part of the study are shown in 
Table XII 

Relationship of the Antimony Plasma Level to the 
Disappearance of Microfilariae 

From representative patients, blood samples were collected and the plasma 
level of antimony determined It was thought possible that some correlation 
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might be ibown b e t Mten the effecthrom of ■ gimi drug tod the Wood fcn-d 
•todned donug |U adndmttmioa. All ■uaplet wtrc obtained *t tppmu 
mttel) 8 t-m. of the diy foUtmiog the la»t uqtctioo of drug. D*tEnidniti(>m 
were obtimed for n^n<^ pjtlcott tmder imowrre thtnpy •with oeorubotaa, nx 
with newtjon. ooc mth ttilaao»c, tweJre with inthKraudlne, eight with findm, 
tndftmrwitfamuicn^twL ^o oss^et were taken from patient* tretted with 
urea tubamine. AD of the antimony dctennlnadofi* were made by Dr Altud 
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A. Scctioo ol entire nMufa. ( y* 5) 

B. Artbu*-liL« cpncsrcaa of r e«cim mbout worm. SO) 
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G n x H ciKM Dcptrtmcnt of Phirmrcoiogy CoUege of Ptyilciuu md Soigwro, 
amig hb modifiatKin of the Rhodemne B method (Gellbchk in pm»). The 
complete dm obtjuoed from thete detenninetkini hire been prcroited ebe 
wbem by Gellboki ft si (l&iT), btrt ■ fcocral •lumoarj' ruffiaent for proent 
needi, foUowt. 

Accuxite detenronttioni of ummonj were poM^Ue only m patjcnu pmi 
□eootibocan ind neomm. In blood tamplc from iB pedenti glTcn other 
drag*, no more then “ trice* " of induMmy were detected, tirces bong defined 
*a le»» thin Q-05 mg of intimDoy per 100 oc. of pluau. The pIunMi of the 
nine neoedbostn ind of the nx neoitim pabenti cootimcd the imounti of 
innmony indicated in TiWc XIU. 



It II difficuh to driw coodcmoei frwn Title \1II i* to i poieble coe 
rebQcm between high inttmony pUen. lerd. md the dinpptt^ of 
ndcrofiliri* from fee -blooi 'i«, ’« il* gwop ^ 

CM md OD with the three lowert pinna lenU of mtimoiTilKppJ 
the ^ett perecntige dedma In ipgofihn^ 

with the two higbot mtimany pbuta ^ % 

dediae in cmmiitlng parmtei. Othen In ^ ii ‘™ip> V v 

11 weO u iH these in the Dcomm group, »® V J ^ 

more miny pitfena tremd with these intfanoniil^ «Y 
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Alan mules. 


lufcite tint tbe kiThny of tdul( filinil worms throuyb tbenpj lads to ipoptocos 
soggestfro of dcphiQtusu or to other impairment of Uk patient. 

TTic enthon do not consider tint any oi the dross used thus far ft p r es ent 
an ideal tbenpentic agent for btneroFuan filanasa. The <£iease ta of non fatal 
character preaumablj tymptoms although aenoos, derclop oclj m 

rdaOrely few of thoae who harbour the Infection. Beause with all the dniga 
thus far tned (except atibmoae), more or leas a c re i e ractions can be expected, 
therapy of thra form of filsnm abould be ondenaien only after the moat 
careful cottajderanocu Icat the trattoent prore more haiardoua to the patient 
than the dtteaie itadf 

Of the vanooa draga oaed, neoatibosan was the moat aatia^ory It 
mamfeated a high order of actinty on the mfeetjon and was well toferated by 
paticnti. Stihanoae waa the beat tolerated of iH the drugs used, but tfari 
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substance had but slight effect upon the parasites The trivalent antunony 
compounds in general were poorly tolerated and the single arsenical, though 
effective, induced serious reactions in some patients with little or no warmng 

Summary 

One hundred and tiventy-nine Puerto Rican patients have been included 
in the present experimental study of the chemotherapy of hancroftt filanasis 
All of the persons harboured nucrofilanae of W hancroftt in their nocturnal 
bloods, but only three of the group presented symptoms of the infection 
Fifteen of the individuals (all free of symptoms) have been kept untreated as 
controls on the infection and on the effects of treatment The remaimng 114 
persons have been treated with one of eight compounds of either antimony or 
arsemc Generally treatment was earned on intensively and, with some drugs, 
had to be suspended in certain patients because of the seventy of reactions 
In Table XV below are given the names of the eight drugs used, the 
number of patients treated with each drug, and the number of patients given 
each drug from whom all microfilanae have disappeared 


Table XV, 


Drug 

Number of patients 
treated 

Number of patients freed 
of microfilanae 

Neostibosan 

36 

25 

Neostam 

11 

6 

Urea stibamine 

6 

4 

Stibanose 

6 

1 

Fuadin 

16 

3 

Anthiomabne 

20 

7 

Tartar emetic 

4 

0 

Melarscn oxide 

18 

8 


Of the fifteen untreated control patients, all have continued to show micro- 
filanae throughout the penod of observations 

It is concluded that W hancroftt can be eradicated from many patients 
b}^ the administration of any of several compounds of antimony or arsenic 
Of the compounds thus far tned, the pentaTOlent antimomal neostibosan has 
shown most promise as a practical therapeutic agent because it is well tolerated 
by patients and has a marked effect against the parasites 

III CHEMOTHERAPY OF LOA LOA INFECTIONS IN MAN 
(In collaboration with Harra M Rose ) 

The speaker has had but little to do with the treatment of the Loa infec- 
tions about to be desenbed, his contnbution amounting to little more than 
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perfomjog s p*n of the coaot* of blood panmttt. The work vu denrited 
tnd earned on etacotiiDy in ita entirety by !> H, AL Ro«. 

Three patient* with ktauais came under our mpenruicm m New Aork 

Cty in September 1&15. AnwtretoeiiibeJiofthe«jinefaniaygrtPQp(hmlund, 

wife and dauthter) who had returned * few weeks ciriicr after rtHdence u 
mittionanea for aeTetal jeara In French Equatorial Africa, The hnibind 
(Caac D F X age 40 had many embryo* of Lot loe In ba day blood when 6nt 
teen — for eiampfc, 448 mlcrofilanac were ctwnted m 60 ejom. of finger Stood 
taken at 11 ajn. on 14ih September 1&45 juat before treatment wa* inantuled. 
ife had prenouily luffercd only occaaio^ly from Calabar tweULnp. The 
wife aged 37 had no mtcrofibnae in her blood but had been troubled oo 
many carGer occatioo* with Calabar swelling*, oac auch iwefEng appeanng 
during the ctrarac of the treatment tubaequently glren. The daughter age 9 
bad M microfilane of /ow In her blood, but had been troubled almoit 
conatandy for aerrnl ycara with Calabar iweQlngt at time* the dtatren from 
them becormng to acute that aho cmdd not attend achooL Tbe three pauenti 
were admitted to boapital In September and October 1945 where they were 
grrai uteimre therapy with o eotdboaan for a period of 2 weeks, the husband, 
wife, and dacrghtirf rcapeetfecly reedwtg IS'-C 11 1 »nd 94 gramme* of lb* 
drug m the 14 dayv All tolerated the drug quite weQ, the husband ^ceptmg 
dur^ moat of ha coorae 1 S grammea of drag daily with no untoward effect*. 
Tbe daughter bo v ro te r expenexiced aome naosea at ranoua Qmea and sersnl 
of her sdiedoled mjectioo* bad to be omitted. 

Tie Ctort ibowa tbe nninbcn of nucroffUrue co u nt e d at th; 
indicated t'm'-* in 60 cmm. aairqiJe* of the penphenJ blood. It will 
be aeen that, after I5 p>«nrf>T . 92 per cent of the aubjecta tmcrofilarue 
hid Irit hu bkiod. During the mter^ aince treauuenl, the pment has b'en 
free of aQ aynqiUKn* of tbe infecrioa. Tbe rtnmning two paomu both 
Improved tnariedly with reaped to ayuipt o ms aoon after bang tnated and 
DOiher ha* ahown Calabar cwrUiiic* m the b»t 6 momba (to Jtnoary 1917) 

Unfoctnnatdy the work on loalaju hs* no control because only few cjws 
of the infecQcn appear m New York. Since our espenence with tin* disease 
la Cirnted largely to those few paticnu here deaenbed we cannot bj aur the 
reduction m rmcrofilarii Jerri teen In orrt aubject and the improremcnt in 
a y mptp gw noted In the other two rndhriduali reniltrd from chemoiheTapy It 
u ponfble these caac* would hare abown lunfltr change* without treatment, 
br of harms lantd to a non-endemic rone Ncrerthek**, I hare 

thought It toefd to pUce tbe data before rml.withom<rot«hi«oc*,f« whaterer 

they may be worth. 

A««ni*d 1.^.. fro It. TO* irfh iJ- P««”“ b. pnrmJ b, 

ftno for pcfalkmosi riaewtwre. 
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Chart — S howing the number of microfilanae m 60 cmm of 
finger blood taken at 11 am before treatment, at the end of 
the penod of treatment, and at the designated months after 
therapy ceased The patient received 16 4 grammes of 
neostibosan during 14 days 

IV CHEMOTHERAPY OF ONCHOCERCA VOLVULUS 
INFECTIONS IN MAN 

(In collaboration with Harry M Rose, Luis Figueroa Ortiz, 
Francisco Ruiz Reyes, and Roberto Nettel ) 

Because of the apparent success in treating cases of W bancroftt infection 
with the vanous drugs, it was decided to attempt a similar study in oncho- 
cerciasis For this work the pentavalent antimony compound neostibosan 
was used, since in the earher parts of this study it had been well toletated by 
patients and' had proved comparatively effective upon the related parasites 
After arrangements had been made through Dr Manuel Martinez-Baez, 
Under- Secretary of Health in the Mexican Government, and Dr Jos^ Zozaya, 
Director of the Institute of Tropical Diseases in Mexico City, work was begun m 
February, 1946, in the Government Hospital for Onchocerciasis Investigations 
at Huixtla, Chiapas, Mexico 


The Patients 

Altogether, forty patients infected with Onchocerca volvulus were mcluded 
m the present study All were native Mexicans of xmxed race who contracted 
their infections while resident on upland coffee plantations in the mountains 
near Huixtla Some had resided m the hospital since it was first opened. 
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approTiinitcly 5 jean earher and pocacaHj til hid been boipitalaed for at 

lent I year Smcc Humlt rt notltidf actntro of infectioo nooe of the paticnti, 

prohaWy had b«n re4nfectcd danng the penod of hoapittExation. The paocnti 
tanged from 5 to 63 jean cf age. Practicallf erery patient had more or leia 
aevcrc ocular pathologj and three were himd from the 0 ocJcwio Infee 
tioiu Many ihowed the diftmetm (taal pfgtocntation (no/ moraJo) often 
aeen in thia (Eaeaae n It occun m Mexico. Some caaet also exhibited a nther 
rh a r a ct enttic oedema of the cheeha. Many had nodulca formed about the 
mature pnantea m Ttncaa parti, and practically ah ntdinduala at tome time 
during boapitaEiation had 1^ oodulea r e t nor ed corgically E x c ep t for their 
mfecdona with 0 voirmbu the paoenta were ah corade^ to be eatcnoally 
in good health. 

AiMOMUtTatxon of tJu Dng — TTac whole number wai dmded into two 
equmJent group* of twenty patienta each, one group bong tnteiuiTely treated 
with neoftibonn for 2 weeka and the other being kept untreated a* control. 
The treated group of patient* t e ca red drug twice daily (& a-ta. and 6 pun.) 
a total of from 11 to 13 gmnmea of ncoanboaark bong gim m 14 day*, the 
total daily doae on moat days after the aecoDd being 1 gramme. All mjecoons 
were made by vein, 

Toiertput ef Dntji—Mi the pamcnla tolented the drug parPcuIarly weU 
for the fim 10 ^yi, nooe of them ahowing ertn the ntuaea or Tonuong which 
had aometicDea been oba er re d m other tubjecl* pmnoualy treated whh the 
dmg in Puerto Rico and New YqcIl On the llih day and thereafter till the 
erd of treatment, bow ever aevenl of the patresti expcnenced low grade fever 
aiMl (bowed cigrts of general mataiae. Ihe effect* were not comdered to be 
signihearrt, bua ev er ami] the last (I4tb) day cf treatment On that day srrenl 
patienta appeared frankly ID arai inyecuona were omitted from all i^o were 
in any reaped uuhtpoaed. For aereial daya alter treatment ended, fire of the 
twenty treated patienti were confined to their bed* and ihowed endence of 
renal damage. All were very aenoualy dl and one of the group, unfortunaldy 
cm thc 3rd day after treatment ceased, Ohera alowly impioTed. 
The fear which gripped all the treated patienli aa a reault cf the death of on* 
caused icmcwhat more th«n half of the treated group to kave the hoepital at 
ODCO and no further olwcmtioo* on tbeae huhridoal* hare been pcaaibk. It 
ra dlfficuh to cxpbm why the Mexican patient* failed to tolerate the drag *» 
nnee oeoatitKwan had cauaed no ■grufleant reactwo in patienta 
prmouily treated m Puerto Rico and New Vott There wa. Dttk or no 
ijubt. bowrm- that the effed* were cauaed by the drug amce none in the 
control group became ilL 

ErTTMATia.*C Of THE LbteJ. nCTECTtCW, 

The ctmpmore knd of infocnoi inth O cotaA. m rmoui pmaju 
,od .1 matart naa fa tho tvot pottoit wts dttttmmrf by countm, tho 
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numbers of nucrofilanac which emerged from small pieces of skin removed 
from each check and from each side of the neck An effort was made to 
remo%e approvimately the same quantity of skin m each biopsy, and skm tvas 
removed from the same sites m all patients irrespcctnc of the presence or 
absence of nodules enclosing parent worms The tissue of the skin specimen 
was teased in an individual drop of salt solution on a microscope slide and this 
fluid was then searched under sixty times magnification for the presence of 
microfilariae The number of microfilariae finaUy recorded for each patient 
represented the total number which emerged from the tissue obtained from 
the four sites 

Results 

It has been possible to follow seven of the treated patients for 10 months 
since treatment ended and one other treated patient for 5 months The micro- 
filaria counts obtained before treatment, at the end of treatment, and at various 
times since treatment ceased, haae been compiled for these eight individuals 
and are shown in Table XVI Microfilaria counts obtained at various times on 
eight of the control patients w'ho received no neostibosan are given in 
Table X^TT 


Table XNT 

EFFECT OF KEOSTiBOSAv IN PATIENTS WITH OncUocrrca volvulus 


Patient 

number 

Age 

Weight 

(tg) 

Amount 

drug 

(gramme) 

1 

of 

treat- 

ment 

Number of microfilariae seen m 
biopsies from two checks and 
two sides of neck 

Percentage 
change in 
microfilaria 
Icsel o\er 
entire 
penod of 
observ ation 

Be- 

fore 

treat- 

ment 

At 

end of 

treat- 

ment 

Months after 

treatment 

1 

B 


1 PL»t 

23 

45 

12 

13 

04 


o 

1 

2 

—90 

2 rp 

20 

64 

13 

14 

148 

14 

36 

42 

20 

—83 

3 FG 

8 

19 

13 

14 

11 

1 

5 

2 

— 

—81 

4 SD 

32 

40 

11 

13 

060 

40 

300 

231 

190 

—80 

6 A.G *t 

10 

23 

12 

n 

127 

49 

55 

20 

48 

— 02 

OMGt 

1 14 

31 

13 

14 

235 

4 

21 

242 

89 

—02 

7 I S •t 

15 

48 

13 

14 

64 

45 

35 

1G9 

29 

—40 

8 JC 

‘ 11 

1 

20 

13 

14 

7 

3 

3 

10 

9 

+28 


* Females f One nodule removed 2 months after end of treatment 


As the tables indicate, there appeared to be an immediate decline m the 
number of embryos in the skin of the treated patients Within a month after 
the end of treatment, however, the dechne had ceased and, m some patients, 
the number of microfilariae in the skm biopsies rose substantially toward what 






** cnoicnrakiw or ru^auju 

it tad been before the drug ww given. During later montha t ilcnr eecotidaiy 
t»n wia noted in the nucroaUnt kvd. elthoagh it la mpoadble ccrtaJnlj 
reftte thli deefine to the treatment. Cocadenng the high rtriitioa eean 
the cwma made on Uopnes from the control patientJ not treated mth neorti 
bo«»n. It aeena nfest to eacribe Bttlo dgnifi^ce to the orerafl changa in 
miCTDfiltra lerela aecn in the treated nibjecti. Suko the drag had been pren 
to the full hnut of the patiena toknmcc, the only coDdoaron poadtie frotn 
the wort to that n eoa rib ott n gmm aa deacribed In a lin^ Inlawnr coom 

did not produce a dgnlficant permanent effect in ondaoceraaab at l-ytt 

within 10 monthi of the end of the coone of therapy 



GENERAL SDiBIARIi 

Tina paper offen data obtained from a Wriy Urge project on expeninental 
chcmothcrtpy <f aerreral fiUnal mfeetiona. The firat work, performed m eottoo 
rata which naturally hirboor a fiUnal puinte known aa UtomoxiJn ctrva 
ahowed dcfimttly that tids rafecaon in thia ammal can be nadiatod by the 
nneomTe adminiitratwn cf any of acveral aatinwny-cootdinnj drag*, ihcae 

droga having thar prmapal action on the adolt phaae of the pararite. Methoda 

esKaitialty to tho«: oaed in the apenmentaj ammib were then appCed 

in infecdona with three homan fitanal wonm — namely W btacnfa L. /•«, 

and 0 voinl*i , . . . j 

In the work with IF h^aavfh IH peraora infected with thia pararitc 

were treated with any of acTtral antnoony-coataining dmga. or with an iracmcal, 

and fifteen additwoal patieota were kept untreated aa a control group. The 
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jajiest celbebtson ending 

ed considerably, tolerance 

i ,n tbe treated group ectboth of the 

results most satisfactory c^g-^ neostibosan, a P^^ wenty-five 

j^gused parasites, w vntti neosti vears of 

and o' ‘''"'"of thirty-fivo IT for this period 

Cp&r=.y - >«rc'o^ol 

-ro -“t^d'ranZrX'r 

at the end of t .'^ariae m bis day blood , 

Only t^oe su j fpalabar sv?ellings) but n ^^san, 

non Of these one bau ^ ^Ca^aba Ttt blood- 

cforC therapy ^eTt^thin 15 

inicrofilanae P , g fell by over 90 p mdi^ j ^Yie v/ork 

rromber «tS all symptoma ” „„ Ito part 

positive subi , treatment N , j hut for reasons 

^thin S mon ^ere stuie^ 

■were availabl subjects vnth U ^^ported Of th created as a 

S3- of “-®r;e3ent e«ec. m onchocer.as.s 

“ PBPEPBNCBS ^ ^ HOP.™ 

Brown, H >> i o. pumice, E of stibanose j„,ms- 

CUEBERTSON, I T & t^,he admmistrauon aditams 

in tVi© cotton ra J . filanasis m 

87,481 ,,9441 Chemotherapy bv admmistranoi 


- 3j„ tlTS •diau.tr.~o of ...b-o- 

J 1 ’&Rose.HM 0 ^ 1 ,. 99, 245 the cotton rat by aclmi 

trat'°u_o^°®t^44) Chemothem^of^j ^ wotherapy o£ human filanasis y 

of neostam J jrop 27 \ 03 

-g sSf? 

Bxpenmenm cnem t -iv An eaaluation o 

Med 22, t39 M E &- FeRTIG, 1 pj,annacol C“i concentration 

<'°^"'’^<;d'^for^— on ^ f r 09^^ tCy Crot^- antimony 

Ke H M 8. Cui^^-Sin «! man dunng therapy 

'S’d'ihTur^ hS . 30, 27 

compounds J '^uy 
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Duciano.'T 

The Pmlileat Lidiee *nd (ealkiacn, I im, tun you will »gr« wrth me 
th*t we have Ertened to ■ Tcry Intenatm* lecture on the chemothenpy of 
filtrutti, md I ihould Etc to congratulate Profeeaor CuLBDtrtO't oo the 
remartably dear and Iwad maimer m which he haa put ha reaohi before at. 
I am aure that many of tbo« here will wish to aak queitioni, but before irmtog 
them to do ao I will uk Sir I^oiaaD Rociw, who carried out acme cipemnenta 
on the treatment of fiitriaiu In India, to open the documon. 

Bb Leonard ROfea I coogratnlato Pinfeaaor CuLMmax on the important 

reauhi of 3 y eara patient mrcatigationt by himaelf and hn aix coOaguea at 
Porto Rico on the lethal action of auch pentanlcnt antanony aiha aa neoatiboaan. 
Al the time of my pwneer LaTect gat kwi on thn aubject in 1919 and 1920 only 
the far more tone trirajent antimony aaha were arailable. In April, 1919 I 
fint teated the action of todhnn antimonyl tartrate on MtenJiUru imenfit 
at Pun in Ortaaa, In four caaea with large nomhen m 20 cm. of evening bk^ 

1 obtained great reductiona In the numbcia, which fcR, m the one caae rtceiTmg 
u many aa deren mjecdooa, to only 6 per cent of the original numbera within 
15 diyi. In order to be able to foDow op caaea much lotiger m 1919 I took 
•drantage of infected long-term pnaonera In the Cutiatk Central Gaol, who 
emld not nm away and aelectrd for g eatmon t oght of 100 examined who 
abowed an avenge of oo leia than •eventy>three mi 0 o£lirtte In 20 cm. of 
rrenlng blood. 

ThereanhaareclariT*bcnminB7chart(teprod«edoapage45)t Counta 
ofthemioTihkra were li^e by me lo2D cm. of emungbloodtakeaattheaame 
hoar at daily and 3-day intemla rfnnug 45 daya of treatment, and of 3- 
and 7-day interrela op to a total of 5| montha. The upper cootunioua Ene 
abowa the percentagea of the onginal nmnben of embryoa in four caaea m 
which relipaca ocrarred and the treatment failed the broken Ene abowa the 
..tn.. data In the four caaea in wiucb it aueceeded. The total dotage of 1 8 
gmmmea w*a the came lO each aeriea and ahnoat twice aa much aa In Profeaaor 
r* mmT wWa four treated with tartar emetic with one fucceaa. Tha 

daily doae wai ripuDy piuhrd upto 5 ccofa 2 pcrcent. aohition of 
antnDOciyl tartrate, but owing to toiK ayapto inafn TOtbg^th lo^ 45j^ya, 
with one 4-day break. 5 cx- fl»ai only ' 

reauh of large daOy dowa was to reduce the per/ embrt 

8 day* to onSy 6 and 13 pec cent, of the onguul nl y 
frequeocT of the doaea the numbera at once ro«» 

.K- fwrtod of M t the nori 



... Tt 

of tKe recovering during 


mm 


Vol. 1. S90 

In viev/ of professor 

f t\ie original numbers antimony 

cent of tbe f g to decline be 


^eatmenttoonivo embryos ,nom- proved 

CimuroTSON’s pro ^ pomt over n P ^ 

treatment to tbe vam ^^^es ttie u bimnatmg tn 

rdo»W ^‘“et fo^ *' „ recorded ml 92 ( 

snecessW-l , ^., ,t , toUowmg obM«*‘'“ ’r jertuirtoMy li« 
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oncnttar 


nc ludt ytmttg foTwu of^ed tM tit ntnag hio>>d. I tWbre wochidttl 
thit the tduh fikmj wonm had probablj been killed. Tim a cow confinned 
bj Profemor CoLBEBnof*! dbeortry that the tdult fikrb m cotton nt* are 
killed long before the fiml dimppeiTioce of the entbryo* from the blood. In 
1320 I abo luggoted th« ptaiodlcal attscki of febrile iTinplianfiti* on be 
cipUined by lymph cutit produced by the periodical Hrlh of gifh eBonanu 
Humbert of mlcrc£br:te m treat where obiUucUca of lymphtdca prer e nt tbor 
escape into the blood ttresm, but without loroking hlAitiox*! mgcnxiur hypo- 
thesis of the premstnre deCvcry of ora. At esriy b 1904, I made nornmiu* 
unpabGshcd atteir^ta with the aM of a cen tr ifuge to And nch aborted ors 
in the tbsetes of recently removed tnmours of the tcrotmn without any euccets. 
In 1832, Wajuko In Indb, in an analysis of224 of fibibl fertr found the 
tnterrab between the attacks vary fitnn tevera] m 1 to one in aereral 

montht. That ditprerres the popular TndUn opmioD that the atta^ are 
htflucDced by lunar actioa a new aerioutly put forward as early at by a 
Dr Bairoui. WAtneo fouiwl the moat frequeut of the Inie mli between the 
attada wu m moat cases either one or two a month just those of the peaks 


m my conUnl cates (not thown In the chart) and m the rtbpamg oncx 

Confirmation, and the i>rmctlcsl appCmtioB, of my wi>ri wwe soon forth- 
coming references op to 1929 will bt found m tecond edition of toy 
Rseaxt AJuatcft a TnjxaU AfeAcnw” In IBSO P K Du reported oo 
Qght eases treated wfth tvdre to thaty-aeren deses of sodram tatjiDeayl 
tartrate, with coniptete dbappearancs of large Dumbers of mbrofibnae m five, 
and great decreases In thar namben m the otiKT thrts. In 1921 In Egypt, 
Dat abo completely cleared eases of nucrofilanae with brge total dotes tf the 
f«rTu» drug. In ISOO cases of fflarbl fercr at regular interfsii, in which the 
atta^ c«sed under antimony treatment, were recorded by myself and by 
Da», and a Ettle htef by Ba» in the Dutch East Indiea. In 1922, Rot and Bose 
at Pun reported on the use of sodnnn antimony glycothiolate in fifty cases of 
dephantiasw, with drmlnuiion at the drnunference of the Bmbs m crery cate, 
wbkh WB of a materbl degree m a large number of them. On the caher band, 
m 1324 the Brrtwh Outana Fllanal Owmnssion tested a number of drup and 
found that only tartar emetic reduced the imcTofibna^ a Enuied 
1929 CnoraA and ScTtni* Rao, at the Cakulta Schy^ Mcf 

tned a numher of antnnooy preptratjotia, Indudm^^^ 
necitiboaan, with bcoodosire reaohs. In view oil 
now reported, they murt 

or folknred up their cates for ^ahory time, 
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Ducrtfica 


thdr blood it Intemli, lad ho bu ofttn oprtiied the belkf tint be wm 
gettmf good remlti with thu drag but he w» turrer quite utafied, ind I think 
the roMm ii tint be did not follow them long eaou^ It a of coune tnie 
thit he iho ww working la in endenac ina where there wu dmsa- o{ 
re-infectjon. 


DtP Hiwklnf I ibould like to piy mj tribate to the wort of Dr 
CULBirreox ind hli conagaa wtuch, tog^er with the inmitr work done 
br Bicnry* caettftotei the firit rcil adrenre m the chemotheripy of httnun 
filmtia. In I93S I hid in opportunity m Ent ACnca of treitirg fihnuii 
pat lenti with intitiicrTuil and other compoundt f Pirticalir tlaition ww paid 
to fuidm, which wts pwhed to the tone lumt. Bat at the end of the count, 
miCTofilinie were itill preaent in the perlpberij blood md it waa concluded 
that no thenpeutK actkrn had bcei oicned, nnee It had not been mined 
that an actrre drug might kill the adolt wonna whfle learmg the nucrofilartae 
apparently intact. It h Dr CuUMTaoM’i great contribmioo to hare ahown 
tint patlcnta abould be foEowed up for 6 rooaoha or more to detect thla long 
dctayi^ fan m the nncrohbLrlae coonl which he has dewnibed to ua. Howerer 
the work done la £ut Ainai wn enough to ahow thn man la a rciy unutia- 
factory test aatmai for prehnuoary worii m chemotherapy and tbit for more 
npld progresa h wm neceMiry to find a anltable bboratory experimental animal 
which ahould be armll, cheap tad easy to faandk. Work in America between 
1943 and 1945 ladsated thin the fibmaia of cotton rata xmght provide the 
labontoiy infection that wta desotd. CuuBimoet and Rco showed that 
wild cotton rata with apontueoui infectnaa of Litamomda were conraueiit 
for ftTpmmmtatMm- And WtiJ.ntta and J A. ScoTT ahowed that thla infection 
waa transmitted from one rat to another by the tropical rat tmte, Ltpomp m s 
At the cod of 1945 I was pnrilcgrd to TiSTt the laboratories of all these 
wofkera, who Toy kindly ahowed thdr methoda and resnha. They also prorided 
nifected rata and atrama of Ltp vaju f u which wo^ brought back to London 
and at the National Inatitute for Mcdkal Reiearch. Aa I knew 

that profesaor Goidon, in Lirerpool. was interested in cotton rat filanasis, I 
gave him the mformsdoti, as early as poaaiblei that the rector be was seeking 
was Ufxmyma 

At Hampstend, we hare concentrated on the large-acak trenamlssion of 
the infection to as to obtam big mnnbera cf mfeeted yats for chemotherapy 
Whh reasonable cars and npenence It aeems quite poaajble to produce any 
deaired number of infected raU In the laboratory in tios country At the 
begiraung wo tned to see whether other animals beside* cotton rats could not 
bo infected. The wtam* can be paased mto ordinary laboratory rats mice, 
bamsteri or even Orkney relcs. and they can derelop to maturity and produce 
maaufibnie. But the worms do not seem nearly so happy m these ammals 
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as they are in cotton rats — ^the infections are light and they tend to die out 
spontaneously Accordingly, cotton rats are the only hosts found really 
suitable for this work We have repeated the work of Dr Culbertson and 
his colleagues with antimonials and our experience has been similar to that 
which he has descnbed We also found that in cotton rats arsenical compounds, 
such as tryparsamide and its tnvalent derivative, are as active, or even more 
active, than antimomals — a fact which had already been recorded by Brady 
and by Otto in Amenca Dr Culbertson has descnbed the therapeutic 
effect of one arsenical compound — ^melarsen oxide — and this particular arsenical 
seems less suitable for clinical use than neostibosan But melarsen oxide is 
a somewhat atypical compound, and a thorough trial should be given to other 
better known arsenicals, e g , tryparsamide, neoarsphenamine, and mapharsen, 
before arsemcals are abandoned 

Besides antimomals and arsenicals, a long series of compounds has been 
investigated, including acnflavine, sulphonamides, marfanil, methylene blue, 
neosolganal, pamaqum, phenanthndinium 1553, etc , and none of these 
was active However, some therapeutic effect has been found in two other 
types of orgamc compound , since work on this subject is bemg pursued 
intensively in Amenca and at Hampstead, it is qmte likely that compounds 
will be discovered in the next few years which will be very active in the 
treatment of this disease The ideal remedy sought is a compound which is 
very active, non-toxic, cheap, and capable of being given by mouth 

Finally, I should like to offer an observation on some of Dr Culbertson’s 
results Although most of his patients responded well to neostibosan, there 
were a few in which the rmcrofilanae persisted obstinately m the blood stream 
In our cotton rats, treated with antimomals, we found, as Dr Culbertson 
has descnbed, that the adult worms were killed by the drug while the micro- 
filanae persisted and remained actively motile But we found m addition 
that half-grown immature worms were also much more resistant to the drug 
than were the adult worms A similar phenomenon has been seen in Germany 
by Kikuth and Gonnert m the treatment of experimental infections of 
Schistosoma mansoni by certain new orgamc compounds Here, also, immature 
worms have been found to be completely resistant to doses which easily kill 
the adult worms It is possible that in those cases of Dr Culbertson’s 
which did not fully respond to the treatment, immature worms were present due 
to recently acquired super-infection These immature worms may have resisted 
the treatment and gradually replaced the earher generation of rmcrofilanae by 
a new crop If this is the case, it may form a defimte handicap to the chemo- 
therapeutic treatment of filanasis 

Professor N Hamilton Fairley I would hke to congratulate Dr 
Culbertson on this very admirable paper Reference has been made to the 
expenmental approach to the subject, but from a chmcal point of view what 
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b equally Important la the atreaa bid by Dr CtaBErraox cm ha control aertea 
™ ctaea. It acemed poaaible that re infection had occurred in one of ttw*-, 
pttienta and I wtrald Hie to aak Dr CtoLBorrsa'a what wia the probahOity 
of re-mfeedem m otb^ caaea. If re-mfection was in fact occurr ing, then the 
rcaulta were cren bettei than Dr CerLBOTVOx a data iodKated 

In regard to Loa lea mfettaUm, much remained to be learnt regarding the 
natural courae of thtt dneaae in untreated patlenta. It appeared that ocoatlboaan 
acted (» idolt filaru worma Juat aa ttiralent antiinotiy mm p r mnft^ dad In 
• chuf i ito nuaaa. Further mrestlgaticm on the complement fixation reaction In 
Laa lorn mfeatatiooa ai an Index to what naa happening to the adult worma 
would be In to eating and poaaJblr of real ralue. 

Sir PhlUll HantOIsBahr I do not thmk I can contribute rnneh to thb 
docoation except to thank Dr CuLBomax for hii adnarible contributkio 
tonight We hare admired ha preaentitton, ha clear diction and h» humour 
— which a ahrayi very oaeful. Perhapa T ought lay one or two thing! from a 
clhucil point of riew ai the nauh of the treatment of filanaau m people returning 
from the tropica, whom I hare been able to watch ortr durmg a quarter of a 
centuiy zn London. Dr CuLBarmxi wanted data of the minrfcatatioa of 
lotitaia on people returning from Weat Africa. I bare aecn a brge number of 
theae people, and one thing has atniek me, that Cabbar nrelhoga ere oftes 
much more cronbleaome and apparent a few toontha after arrm] m a cold 
cIimatB than they were m Wes Africa. 1 have had pabenta object mg to coming 
home on kare b oiau i e of the inconmuesce of these vwelhnga, whkh may 
perabt for many yean afta the return from the tropica. I had one man who 
went on hamg Calabar nreUlnga for 17 years until the naprofi bnae dbappeared, 
but m other! they aoou cease to be troublesome. One bdy auffered badly for 
years until the diseaae ended in the moat dramatic way She got attacks 
of fever and then subcutaoeom abacetscs in ranocs paila of her body \Vb<n 
they were opened there appeared in the pus the called remima of Lorn loa 
We see from these t4inK<l obaerratioaa t^ Loa ha does not dbappear tpon 
tancoualy on remoral to a colder cfimale. As regards Wacktrma b*M>\4u, 
the manifcatationa as one sees them in the tropics — the attseks of 

lymphangito — tend to doappear much more qmcLly — in 3 or 4 years — except 
chyhiTBi, which may peraot throughout the bfe of the patient. Ai regards 
tufnthcr infection I have had only a few c isca, but two were aeriom 
ophthalmic cases from Kenya. Both became blind. Bwpsica of the akin were 
done tt definite penoda during 2J yeaia, during which time m tha country the 
ndcrofibnae disappeared without specific treatment But that did not arrest 
the progrtaa of the disease which went on to complete blindness By a very 
■kilfnl opeaatlon one man has had hb cornea remov^ and a new one grafted on 

and that has restored the light of one eye. Treating cofrwho with 

neostiboaan seemed to the eyes wurae, and I stopped it I would liLc to 
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congratulate Dr Culbertson on his very admirable control experiments because, 
especially with W baticrofh, when whilst observmg patients for many days, 

^ weeks and months, and making regular microfilanae counts, one is struck with 
the disappearance in the number to be found in the blood from time to time 
Every now and again they mystenously disappear without any drug treatment 
The other point is the interpretation placed on the remains of dead filanae in 
the scrotum and other parts of the body Such observations as I was able to 
make many years ago — confirmed by Dr F W O’Connor in his well-known 
work — show that filanae may die of old age or injury, and are sometimes found 
in the centre of a blood clot without taking any drug whatever, and one must 
be careful not to interpret results as necessanly due to a drug given in any 
particular instance 

Mr L G Goodwin I ivas" very much interested m the antimony figures 
for blood This approach should help us to find out what is happening in these 
cases The highest blood levels were for the drugs that worked, and I think 
the low levels for the trivalent compounds were the result of toxicity 
limiting the size of dose given In the case of stibanose the low level was 
probably due to a rather more rapid excretion of the drug as compared with 
neostam and neostibosan It would be interesting to find out what was the 
valency of the drug in the circulating blood Application of the polarographic 
method used by Dr Page and myself would show whether or not the antimony 
m the blood is in the trivalent state When penta\^lent antimony is injected, 
the part that is not rapidly excreted remains m the liver and is gradually released 
into the blood stream from there A great deal of the antimony in the liver is 
trivalent, and I think it may be possible that intensive drug treatment gives 
nse to a liberation mto the blood of trivalent antimony over a prolonged period, 
and that may be doing the job 

Dr R D C Johnstone I may be excused for making one or two personal 
obserrations because I am now suffenng from a Loa loa infection First of all, 
m respect of vhat Sir Philip AIanson-Bahr has just said, the disease alters 
^ ery considerably \\ hen one gets back to a temperate climate — or at least it has 
done so in my case I am not under treatment and I am getting very' few Calabar 
swellings now Can Professor Culbertson give us the reason for the toxic 
changes which took place in patients with Onchocerca volvulus ? I feel that any 
assessment of treatment will be most difficult because, whether we are in an 
endemic area or a temperate climate, the disease fluctuates from time to time , 
and the interpretation of results in these loaiasis cases must be treated wath 
extreme caution 

The President There is one question I should like to ask Professor 
Culbertson He has told us that under treatment with neostibosan there was 
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tint the sdnlt fikmc died, uyj thit the embryo. ronsinJng m the 
blood dlMpparcd gridoslly donng the courw of t ye»r or loofcr I rtiould 
like to know whether during tha tone the embryo* ritowed the penodKity they 
h*d shown before ? It miy be thtt Dr CuLBnmo.'t »nd hn coUeiguc. formed 
the bibit of asminaig the blood only .t right, m which om ft would be lapos- 
riblc to My whether there wii eny periodicity or not. 


PirieMOr CnlbentOQ (m reply) I am asked by Dr Jcfuorota to eatpltin 
the toscityeecQ u the Ondkaowteutt, but luaattkm to do*o. It troobled 
us. Up to the tone we had difficulty la the cacboceroasi* ease* we bsd tboogfat 
thtt we eoold use neoctiboatc with alewst an aasunnee that then would be 
DO trouble. I hire oo exphoatioo why the Mexican onchocerciira patient* 
to suffer from rt w h er eia the cases of bancrofuan fflanisis in Puerto 
Rjco and the few aubjecti treated in New York, did not manifest eridcnce of 
tanaty ^VIth regard to the periodicity of the filanae after treatment at 
Dr Wurrow tuggested, it wu mr Intention and effort to examine the tame 
patient at the tame hour each er enm g and rcry few were rxamiivd at other 
tmw I am afmd I hare do more data. 1 hare no informatioD about the 
Tslmce of the antimony in tbe blood, although I am glad to know that the 
poUrogrtphic method tell what the Ttlcnce it. I am not a chemist and ww 
not pertonaDy engaged in that part of our work. AD the antimony detennina- 
tkm* were made by Dr GniBcam of the Department of Pharmacoiogy in our 
uatmrtioa. I am glad to kam from Sir Pmu? Majwrf'HiHi that the Odahar 
„rellingt may contiiruc to appear orer so many year*. I realiie that the nodufca 
we MW in the saetal aac of certam bancrofti^ cases may represent oM warm* 
kaied by other meant. On the other hand. Dr Kofpucn the pathokrgwt 
at tbe PuatD R*co School of Tropieri Medseme, m aarnuunf the aectkm*, said 
that the worm wa* recently dead b e cata e of the conditkm of the oranan 

micka, and we fth justified in befaenng that tbe worms In these other nodule* 
had probably been killed a* the result of our specific treatment I *e« » rtasoo. 
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MAKKCf in chonotlicrtpy on a cate of bancrofban I iJiould hke 

to cloae mj dtfcuaaion by proeoimi MAMioyt data ftnsd on pp 525-S26 of 
hii Amoy Duty ^rfaicb I umte yon to interpret m the Djht tk my tnrn Atta 
already given thia evening. 
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placed <x) tfajBMl (taUojd*) 4 $nim four tiam daHy and to 
Ica^ tUi up £»r StDontfai. 

In food bt«Mi-~takra Id graM tbytaol defly A ntfarr atotO aOda 
dravo aboot d cootained 120 filariM 
PUnre of fllanaa in bfeod. 

A fda aUda drm about 9j)0 dtotaioed 359 fikriaa. Padcu in good 
haabb. 

Two iHdea drawn about 10 pjp. ngiaa i til 3t7 and 309 fUariaa rapac 
thely No EH affiact wa ai era r trm tba thymol nhlch bu been 
alcen nptaoOT atota coRsnmajncnt of qpe rn nem. 
lOJO pun.. 1 filarU. 

10.20 pm., 1 
10.30 pun., 8 
lOJO p BV, I 
10.30 pun., 1 
I0.2D pun, 6 


I thinh I esQ ae« eaoogb cUmlanty between thoe obaerratkoia and xny own 
to let me auapect that the ueetmect \tuaa?t apphed may hire been at ktft 
I contributing otoae to tbe ip f ar c nt core and I nay be comet b\ nymg. tSen, 
the etfCot recorded data on the aueowafol ebenjotberepy of bancrofuin 
filanw* CIO be fonad ifl Oia»y It b t pletanre fee me to aeknmriedgo 
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It a very Urgdy thu filforo vhkh bu toggmed oar dacnwkm on 

eroung, mi I bepe that k» » renh tome Hght mty be thrown on Knne 
of the *a yet awolred problemi coonectcii with Jt. 

It a weD kncpwn to many of ua that at the beginning of the I9I4-I8 war 
the dee patch of troop* to Galhpoli and Egypt w« foUorred by an epMeinic 
outbreak of diarrhoea and dyaentoy and the coochaion waa drawn, mamly 
becauae of lack of csperience of the medical officen who bad to deal with the 
epidemic, that the cooditioo waa pnmanly amoebic dyaetaery AH of 
celli were wrongly identified ta amoebae and Httio thought wa* giren to the 
postibflity that the mam docme waa bacSUiy and not amoebic, dyaentery 
^Vben bwer dwgnortie fadbtlca became anflahlo it wia reaJeted that the 
majority of cues were baoUary dyaentery and that amoebic dyic ntery waa 
responsible for at most, <miy 10 pet cent, of the casta. In the war that has 
just aided this great tnatike wu not repeated, though the advent of eulpha- 
gtzanidlne may hare preretrted ao much baoDary dyienteiy that the percentaga 
of amoebic caaea may hare been refaurely high^ than 10 per cent of the totaL 
The euppoaed t^derroc <rf amochK dyaenury uaoeiated with the Giffipofl 
carapaigo raite* the whole qucatioo Do q^idendc ooihreaka of amoebte 
dyaentery oecor ? Ckajo (1C44) and othera who foilow him bold that they do, 
and m fnpport of theu* contenuon they quote the otnr famoca outbreak which 
occurred in Oucago in 1933-34 and waa said to be largely doe to e local 
poQmed water topply in two botda. In aQ there wear aud to hrvv been orcr 
1 400 cases and orer 100 deaths. I doubt rery much whether h wmld be 
potuble for drinking water in a bote) to be contamhuted with the huge dosea 
of eym which would be neceawy to ghr rise to acute amoebic dyaentery in 
0- days u was supposed to be the case m some mstancta. \\ootd the hotel 
guests not hare seen that the water was impure and refused to dnnk it ? Tbe 
report oo the outbreak adnata that, experimentally crtrcmely Urge doses of 
Eaiatoths kul^iyiK* have to be admuuttered to both mzn and anlmaii to 
produce infections compinbic to tboac observed m tbe epidemic m which 
the noaJjation poiod was abort, the leaions my sererc and the apoaore* 
frequently imniinil. It a my belief that tbe outbreak was mamly a bacillaiy 
one In a group of people m which the t iutoi^iut camer rate was high, •» ft 
admittedly was and a m Ckocago and many other atiea in the U.SjL I 
expressed these view* m an unsigned artide which appeared in 1934. I recently 
came acroaa a paper on “ Comphcationa of Amoebisait,’’ by Smactti)* 
(1943) m the U,SA^ m which r^ereoce a made to the Chicago incident. 
It 1* endent that Snoaowt* ha* grare dwibu a* to the epidenuc character 
of the outbreak, for be wntea — 


fr»Ubocatwyttdi<dcijn*c«pab*»oftodmr^iclttilfri^ 

mr tiwt L*iceki 6«te* started cran* war* m New York Cfty by mertb rawatag 
I but Uiutport*! urwjspcewd case*. 
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infcc taoiu which jire me to rmW tml senoui mtotintl uc»cti which ire *0 
common iniongit ww irrmU m the tropki. Sbortjy belOTc the wtr which 
hi* fcceatly endol, e»tthjU, clumcd to hjrre ilioirn by expemnentj on 
and other* that the idnanirtnrtKJQ of hanlh, which hid b«o cuftintcd from 1 
ct»e of imoebic dyientery to bethhy camcf* of £ lasi^ytKa led U> the 
derelopmeiit of c n oebk dyientery which foDowtd npon the icino b a ct er a ] 
infection. On the other there ire thoie mch is Biompt who hare 
•dvinced the Tiew that the tmoebi of the earner in te mp e ri te cOmitei, though 
morph cJojicilly IndtsUng u a h i h te^ b quite datinct fr o m that nooeba 

dyientery Th» htrdly «emi to be 1 correct apbnition, for there b iinpk 
evidence thit in khtens the imoebi from the beiJtby earner m temperite 
clmaic* nay give riie to is iciitc m mfectioo is do the imoebie from acute 
cues of amocjiK: dysentery m the tiepsca. 

A Tcry difficult question to settle b that of the conditioc of the iotestmtl 
mneou in the symptomleM ctmer of £.ibaeil/tu«. A mnnber of obserren hire 
noted (hit mdmdiab who hsre died of exose* other itaoebasu who 
hare hid no hiitory of d^aentery nay tctciI pcstmorttm qmte cxieniiTe unoebK 

inTuWement of the krge ImmiDe, Thw MdatauTt (1910) In the Phibppioes 
reported on the occurrence of typical •n»d)ic oJemuon to fifty case* which 
hid <Bed of duesiaei other thin nnoebuaa and to which there was no hbtory 
of darrhoei or dyaemery There teema ofren to be bttle pmUd between the 
degree of mT o h-onent and the actnil lyiifitoios noted. It a rAdest, therefore, 
that emodrie oicention of the Urge mteattoo of vuym g mtessty may ocrar to 
mdmduib m whom imoebrc infection a qnrte onaapeeted. On the other 
hutd, tee there cues of known noocbic infection m wiuch no ukentioo whit 
ever is preaeltt — in other words are there really perfectly heahhy camtn ? Inin 
attempt to drodethabsue Fn.’yr{l941)enmiDcdthciPte*tineof2CSmdjndajh 
who hid died of accidencs to fsev Orleans and showed tbit thutecn harboured 
E kisicfybea 10 the Urge totestine. Of these, seven rerciJed mperfiaal lesions 
of w i yl ii g fTtfnt which conid be attributed to the amoeb* In nx, no kswns 
cooJd be detected, In spite of the fict that in four of them amoebae oceurred 
througboot the whole ieogth of the lufc intestme. In two mfeciion ww 
rtYtaied by the dacovery of a tmfte cyst m each cue. Thus in these cases it 
nay be said that there nay be a qu te eitenajve amoebic infection without any 
lesions whitercf being detected. Some eridcnce has been obtained from the 
examtostton of monkey* which, u ereryooc knows, are lubk to the same 
intestiml protcioal mfeettoos as human betngi. ’Htui /ouwaow m Paxurm 
kept under oJjsemlion teren indigewms spider mookeya and four hesus 
monkey* from Indn with £. kutoljrtirt mfeetioo*. One of the ipidcr monkey* 
tttffered bma. dUrrhoea derekrping into dysentery It wu obserred till its 
death in 96 diyv Amoebae, but no cyati were constantly present in the stool, 
and after death it w» found that the macoo wu tln»« completely destin ed 
and that the *ub-in«o*a sru rrtcnutely Inraded by unoehat The remrimng 
ten monkey* were kept under obserraticn for 40 to 623 day* befort bong 
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mthom gmn* me to Icriom, havrtm numrte ? " I ihoold to utnrtf 
I do not know " We know it cm lire m cultures feeding oa bictem, bd 
whetber rt on surnre in this fashion m the fumen of the tntettme wkhoni 
abstractint nounshment from the tissues no one cm say Perhaps It Irres 
on the surface of the mneosa In the layer of mneoj which coren it, and 
Inrasron oedy occurs when other SfenU such as bacteria toerrene 

TTio other day I came across a slide I had prepared orer 20 years ago. 
Itwislabencd £. cysts self What kind of mfecUon this repre 

sented It u bard to uy It h perhaps safe to assume thit I was a carrier but 
It a impossible to tell whether the twmgcs from which I auffered from thne 
to time as ah of os do were or srere not due to my particular brand of 
S ktsiofyiJCM. Howerer that may be snthcait any treatment the infection has 
long since disappeared, though the tsnngcs are no less or no more frequent 
than they were during my infection. 

A question that is often put to me is how ofien should a be examined 
in order to exclude an amoebic Infection. TTie answer I should fire would 
be as often as possible. In this connection 1 might recall that in Egypt 
during the 1914-18 war the Itio Dr F O Cowoi and I attempted to 
answer this questtou by exaroinmg a serica of beaUhy sohheri about a doxea 
Umea. In aU. ninety two persona were examined, bom 10 minutes being 
spent OR each spedtuen. Of the ninety two examined, twelre were found to 
birboor £ hxt«fyttca. The goenl result was that at the first exaimnstioct 
ooly fear were found Infected, whereas as a rtsoh of all the cxsimnationj tUs 
figure was trebled. Some cssea were first found to be infected at the third 
txamiastioo, othen at the soab, while one wu first detected at the tenth 
ecammstioQ. It Is pooible that with further exammstioni other mfcctioua 
arouid hare come to Ugfat. In practice when I am asked to nclode in infec* 
tion, I generiQy ask for a speeunea one® a week for 0 weeks the i pec i men 
being an ordioiuy norma] one not procured by a saline purge. 1 hare no 
expcricoce of dctectinf mfccticm by cohure methods but 1 dmibt wbetber 
would dncloie rainy infectious which could not be detected by a senes 
of csreful microscopicil exammsttons Agi n, I rery much doubt wbetber 
the compfcment fieauoo test as adrocited by C*aio will help rery much m 
detecting infections which cannot be otherwise determined. Perhaps it ts that, 
bang a protcaooiogtst, 1 always prefer to sec the orBsmam itseK rather than 
rely on some conjectural test which at times may lead me astray 

Another qocstica of some oractica! mponance u the presetice of red blood 
corposeks m an amoeba. It amoebae are seen wttb mcloded red blood 
corpuscles, arc we jostified m stsung that these are £ kxjlfiij-ttCM ? It is true 
that m cnlrorei £ «h may be mduced to mgeat ed blood corpuscles. wWle 
Tnza and GcoJCf bare described s case of undmibtcd E coS mfcction in 
which on s number of occasiom the amoebae mcl ded red bV»d corpuscles. 
It has to be tdnatted, iherefote, that TCty eiceptiooillr an error would be 
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committed by concluding wthout other e\idcnce thnt any amoeba \\ith included 
red blood corpuscles must be E Insiolytica But the presence of red blood 
corpuscles in E coh occurs so verj' rarely that for all practical purposes this 
possibility can be ignored I know of no case in Mhich 1 ha\e seen amoebae 
Math included red blood corpuscles Mhich I have had reason to belie\e were 
E colt rather than E hstolytica 

A point of considerable interest is the significance of the small race of 
E histolytica In Egjpt during the 1914-18 Mar O’Connor and I aioticed 
that certain cases passed regularly cysts mIucIi Merc \ery much smaller than 
the usual forms It appeared to us that these were races Mhich differed from 
one another in the size of the C 3 'sts We could not satisfy oursch cs that these 
small races m ere associated Math dj'senterj' Since then they have been studied 
by a number of obseners and it is generally agreed that tMO races occur — the 
one producing cysts of the ordinary type, over lO/x in diameter, and the other 
smaller cysts under 10 One of these small races Mas cultivated by Frye and 
Melenev (1938) through many sub-cultures for a period of 8 months, during 
which the cysts and amoebae retained their small size With the culture 
amoebae twenty-tM'o kittens M'ere inoculated and five became infected The 
lesions in these kittens M'ere superficial, there being little tendency for the 
amoebae to penetrate the tissues as do the amoebae of the large race It is of 
interest to note that the case from Mhich the small race M’as cultiaatcd gave a 
positi\ e complement fixation test which became negatu e after treatment The 
question of the behaviour of the small race m the human intestine is difficult 
to decide There do not appear to have been any satisfactory records of frank 
amoebic dysentery in man caused by the small race of E histolytica We must 
suppose that the tendency to damage the intestinal wall is much less in the case 
of the small race than m the large, so that actual dysentery rarely if ever occurs 
In concluding these remarks, I should like to say a few words about the 
treatment of amoebic infections There arc two classes of case which present 
themselves for treatment The healthy, or symptomless, carrier and the patient 
with frank amoebic dysentery The healthy carrier is one who is usually 
discovered when microscopical examinations are made for purposes of surveys 
of intestinal protozoal infections or during routine examinations of patients 
in hospitals They are discovered accidentally as it were, but the discovery 
immediately raises the question of treatment Should attempts be made to 
get rid of the infection, or should nothing be done about it ? In my own case 
there was no treatment and the infection disappeared during the course of a 
few years On the other hand, it is well known that cases of fatal amoebic 
dysentery and fatal amoebic liver abscess do occur from time to time in this 
country in people who have never left it It would seem, therefore, that 
having discovered an infection the physician has the responsibility of trying 
to get rid of it As a matter of fact, when such apparently healthy carriers are 
closely questioned it is often possible to obtain a history which would seem 
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to Indictte tint the infeetjOQ b not «s innocuom u it fint Mght it nuglit ippetr 
to be. The tretnnent of the nobted carrier who comes to hjht does not 
tint it ts tdnssble to imtitutc wholesdc cnnnnttioni rrith t new to the d«« 
tioo and treatment of ercry earner Thb would be quite outside the reajta 
of practical pohtks as In every country thee are to mtny of them ibool. 
Caaea of acate anajeWc dyaentery of courac dnnand Immediate attention, for 
wiuch etnetme in ooe form or anotfae U the ipecific remedy specific in that it 
QJuaHy cuti short the attack and rerierea the symptoms, but noiv-tpedfic m 
that too often it faib to eradKaic the amoebic Infection entarJy so that rebpaei 
occur Between the so-caDcd healthy earner condition and that of acute 
dyicnlery there ii a whole tenet of cases m winch varying degrees of looscoess 
of the bowel, altematmg with penods of constipation and diarrhoea with ngue 
abdominal paina are the chartclenauc featurea. Mucus and blood and 
mtestina! celb arc often present, whik the amoebae are sometimes the brge 
tusue-mrading forms, some of wluch may show included red blood corpuscles 
and at other times the small pre-cyatlc amodiae with thejr cysta Treatment 
of these casea is again by emetine, bat, aa m the acme cases, relapses are not 
mfreqaeot. Some cases fad to respond to treatment at all and are complete y 
resistant, Tou will re m e m ber that lUtoazarEs (IW6) suggested that fn some 
cates etneune faded to act becaute ofeonanoitant bacteml mfectioas and he was 
able to chow that folkMcmg pemolCn and aolphcdtamide treatment which, 
preamsbly ertdiCAted the b a ae m l Infections the etoetme tnstmest was 
aoccessfuL How are we to suppose that the baertena interfered with the actwo 
of emetme 7 la it that the hettena produce such changes in the intestinal wiO 
that erMtioe cannot get at the amodiae? Even this procedure faib in cert ain 
tfses m whi^ a conditioa of chrontc cohtis exists. I have sometimes woculered 
whether In some of these very refractory cases there may not be a unted coodi- 
tton of amo^ic infection and ot cci s b rc cohtb. It has been suggested that 
restctance may be acquired by strains of E hitolyitc* but there haa 
been no mtufsctory endcoce that audi emetine- resisunt strain* etist. 

I hare spoken of enwtine trestment without tny referenc e to the quantity 
or form given. The presoit tendency i* to adnuiusirr it m the form of emetlitt 
bismuth iodide, three grams ■ day for a Dumber of day* With ihji t i* the 
custom to give other drugs such as diodoqum and carbaisonc m various com- 
binations. Recently the foDowing procedure was advocated by PaOE (1W6). 
Treatment extends orer 20 days. Escb day 3 tablets of ihodoqmn sre given 
three ticM a day throughout the 20 dap In ddiQon, on the Jst and 2nd 
dap 1 gram of eraetme t* gtren uitramisculaily On the 3rd to the Nth 
dap (that IS for 12 days) 3 grams of emetme btsmuth iodide are given 
eai mfht and to fiiush up on the 15th w the 3nth dap (that is 8 dap), 4 
grams of caiboraonc are given each The number of treatraems of ^ 

Und IS very great and most phpmsns hare ibtir own pet comb naiioo*, but 
It rests with tbo« who are more cqieneoced than I m to say whwfa i* best. 
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There is, however, one point to which I should like to call attention in this 
connection It is that in Egypt during the 1914-18 war O’Connor and I 
tested a number of different methods of giving emetine for amoebic infections 
and we found that the best results were obtained by giving each day for 12 days 
a grain mjection subcutaneously each morning and half a gram in capsule each 
evening by the mouth It may be that this dosage is too high, but we found 
that with it we had the greatest number of permanent cures 
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Dr F IVIurgatroyd For the chniaan, the mam problems of amoebiasis 
concern diagnosis, treatment, and assessment of cure, the first and the last 
being essentially the same My remarks tviU be concerned chiefly with 
intestinal amoebiasis 
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Ducxom. 

Aj tmocbiaia implia Infection with E htUoJxtw dlagooii* depends on 
direci or indirect demcxutratioci of thi* amoeba, dnpiie any the 

boctcral flora or chemical cofopochkm of the faeces or any other fflaon, 
may hare m dereimlning the infection with the amoeba, 

moxcr aacoHMCorr 

in huesrina] omoebiosu, direct micr o sco pi c eummaticn of freshly 
stools leii utm the bt k diognaotic proocdorc. Altbcoigh. os Wnrmst and 
OX^oXKta (1917) wrote, if £. huiotyttca u jp mg troubk, tl^ probabinty 
h that the ojnocbsi or its cy«s wlB be faund at once, difficulda arise when the 
pomltes ore Konty os m certain chronic inferriom and os hi tests of cure 
after treatment 

Sdbtu pu gafreei — Admimstration of a ^line purge may Ioc rea *e the 
chance of finding amoebae A'-roantw (I9W) statmg that almost 90 per cent 
of Infccdom were docotered by a single stool eaiinlnjtton after a purgitlrc 
whereat without porgadon six daily examinancrii of the same bid! idiaH 
detected only 75 per cent, of the (nfecnons on the other hand there tte 
•ome who deny that purgidon makes any material differmre Culroiol 
methods may help, but some n r u e s culnnta ore oegathe from rtools known 
to contain pamiteo^ Coneentradon method may mble the chance of fiDd> 
mg cy*ti m a gitm speumeo but the methods ore not tuitabk for Tcgetante 
amoebae 

In negati t ci«et, enmenanoo of srr or more cot moi tlTe Nooh Is com* 
mooly recoouneoded. tod for test of eure ruch t senes of examination may 
hare to be r epeated at hitmah for sereni month An important querden 
a, thenrforc, how many negiti e exam naaom are l erp ib ed before rt b rc*w»- 
able to astirme that a pari»t h nos infected 

raovoCATiri ditttnz. 

Recently prorocanre emetine has been recommended a an aid In 
diagnasa, the tuggesdoo being that after a dov of emetine amoebae ate 
f mmH rooTC rcodlly in the stooL Ncnbcr in the publl bed ppers nor In 
lespotise to enquines from certain of the authors howcier does there appear 
lansfaaory stadsocal endence that this oemn Furthe r more if a dow of 
emetine docs Increase the number f paiadtes appearmg in the stool it wooW 
seem that k could only do so by expejliug tho^ already in the gut or by 
stmmladng their multlpUcation. One might expect therefore that euher 
a change m the chitacter of ih motion would occur after a single dose of 
emedne, or that smaTl omoono f the drug would srimulate dnnfon of 
amoebae in ntro So far I hare not been able to cemfinn that these pheno- 
mena occur It seems that there may be some crmfusioo with the me of 
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“ pro\ocatuc arsenic ” in tlic dnjpiosis of syphilis In this case, howeier, 
diagnosis docs not depend on an increase in tlic number of parasites hut 
upon the dc\ clopmcnt of a posimc serological reaction following their destruc- 
tion and the liberation of antigen with consequent stimulation of antibody 
The mechanism differs therefore diamctricallv from tliat presumably con- 
cerned in “proiocatuc emetine,” the use of which would appear as 
reasonable a' administering an anti malarial dnig to increase the chance of 
finding malarial parasites m a subsequent blood film If, howeter, “ provoca- 
ti\c emetine” is of aaliie it is important tiiat the fact he established and I 
would suggest, therefore that those who hate so found it should publish the 
data upon which their findings rest 

SICMOIDOSCOPI 

The talue of sigmoidoscopy and proctoscopy has also been stressed, one 
adtocatc stating that many patients “come to light as eases of amoebic 
dysentery solely as the result of sigmoidoscopy " While such procedures 
may help in assessing the degree of disease and may occasion.ally reveal some 
unsuspected condition such as a carcinoma, their table m the positive 
diagnosis of amocbiasis in my experience is slight Firstly so-called typical 
amoebic ulceration is usually reflected in positite stool findings, while in the 
difficult eases the appearances of the bowel alone are insufficient and may be 
misleading, sm.all locah7cd ulcers in an otlientise normal looking mucous 
membrane may be associated witli bacillary infection while diffuse granular 
conditions may he amoebic Secondly, the lesions must be within reach of 
the instruments, namely in the recnim or sigmoid Although the writer I 
hate just quoted states that " the maximal incidence of the commonest lesion 
of amoebic dysentery is 3 to 6 in from the anus,” Rogfijs ( 1922 ) and 
Clakk ( 1925 ) found from autopsies that only 66 to 75 per cent of infected 
patients have lesions in the rectum or sigmoid, and Craig ( 1944 ) suggests 
that if this IS the position in fatal cases then probably the incidence m mild 
or latent cases is much less and may be only 25 per cent 

X RAY EXAMINATION 

Much less valuable in the diagnosis of intestinal amoebiasis is X-ray 
examination Although a recent paper states that “ the amoebic caecum (by 
barium enema) gives a distinctive appearance,” I am inclined to agree with 
the conclusion expressed by the same author a few months previously when 
he wrote “ X-ray diagnosis has been tried on an extended scale Occasional 
filhng defects have been observed m the caecum, but similar appearances are 
seen m other forms of dysentery and colitis Only unsatisfactory assistance 
can be obtained by tljjs method ” 
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CSUFLXUEMT TtXinOM UACTtOXV 

Suet cetci ba\e &1 m bees in ibe disgoocu o{ Kitut 

£. fnuoijUcM haj not yet b een gccran in pure culture m iwK of the andg^iuc 
mateml hJtherto ujcd hju canam61 bactcml ind oibcr product*. Neretthe- 
icae, there a rewon for betering that the retctioni may be nurU tpccifictlly 
to depend on the amoebae. Caato (19+4) found that of 175 patxna ghiog 
I pocuive reaetko. 157 (B9‘7 per cant) had £. hsicJyOca in thfir nooh, 
nheicas of 8Z5 patKQU with Dej>ttirc reacocnif, ooly 12 (1 4 per cent) bad ihfa 
paxaihe in the atoc^ Forthermore, of 6“6 pabena gmng negitnc nw rWx 
no Ico than 220 (32 5 per cent) were Infected with other Intotinal protozoa, 
and no len than 176 (25 1 per cent) with oce or more other ipeckt of 
amoebae. He (tatea that poetdre rewnema beceme negadre In ruccenfuBy 
treated pa rirn ti, toually within 2 week* aher cmhauini cf £, hutolytica. If 
a rcacooQ remains podnre, e«n though ttooU bec om e negative then 
infrccian haa not hren elimniatcd and amoebae will reappear in the ttoob 
in iDch case] farther treatmau b bulkated and should be continued rmrfl 
the racdon become * negadre. OccaskmaDy when a poddre rcacrioo beaune 
negadre as a result of ncatment a return c5f the powdre rtaoion wt^ notktd 
before the amoebae couU be found in the stools of paomts wi» rtfapred. 
He suggeso there fo re , that the resxa tbould be repeated at nsosthiy fotorab 
for 3 months m order to asaeas complete cure. The potermal raloe of rudt 
a rest in aaaetsmg cure b obrims, and the reaoKai might <3*o help In the 
dUgnods of amoeboffiata and nm mfeostms e aprdi By with negadre ttoob. 
Unfort una tely howerer the test doe* not yet typear one that b tdther leadfly 
appbcable or reiiable. Dr Fcltcqs UndSr examined sera for me from patkets 
with tedre mfeettoni abmt 0 per cent, showed aotne degree of complement 
fixadon whh the amoebte antigen be owd, but he b not yet tadihed iboni 
the ngnlficancc of the resulK 

TREATMEhTT 

Tmnmg from diagoosb to treatment, coc again esscounter* much coo- 
fusion and la^ of pteonoc in our knowledge. 

artcif T c Mcca. 

The drugs commonly used for the treatment of amoebusb fall into three 
groups (1) ipecacnanha derirarirc*. of wbreh emetine hydrochlondc and 
eme^ bbmmb iotHdc are the most renowned (2) wdoiyipiuKiCne com- 
pounds, of which the diief are chinlofoo and dsodoqum, and (3) substfrared 
phcoyl aracnates, such a* carbaraone and storanol 

Until itctndy e me tin e hyd r oc b londe and ernedne bfunuth iodide were 
much lew used m the United State* of Amtrka than in Great Britain. whOe 
in the latter cotmtiy dkdoqnio was TiituaHy unlno^ In Britain chhuo. 
fon b csoally uwd ^ enema whereas m roanr coootrta k (t often glren by 
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mouth Such <hfTcrcncc>i •;trongl\ <:upgcM tint uc Inck prcci'-c knowledge 
regarding wlnt is the best nmochicidal thtrapv and how it should l)c cmplojcd 

Bntish practice fa\ours treatment In combinations of the \arious classes 
of ilrugs a common standard course consisting of emetine bismuth lothdc 
grains 2 or 3 by moutli togctlicr wait retention cnemata of 21 ]Kr ant chmio- 
fon dail\ for 10 to 12 daes followed In carharsonc 0 25 gramme In mouth 
twice daiK fora further 10 da\s sometimes this roursi i>. immediate^ preceded 
b\ emetine h^drochlorldl 1 grain h) parenteral micction for a few dajs 
Man SON lientt (1945) reports that of 600 eases treated In combined 
<lrugs onh two failetl to l>c cured In one course of treatment and that these 
two responded to a second course UnforiunatcK other workers appear tinahlc 
to obtain this degree of success snd the percentage of cures b\ the method 
IS eanousle assessed as King between 75 and 95 per cent 

necTiiUAi iNiitiNCT 

Some \cars ago attention was drawn to the |iossil)]c part plavid b\ con 
comvtani bacteria iw the swrvnal and im vsuewess of the amoeba and more 
recently HAUCitr-wis (1945) being impressed In the <crondara infection of 
the bowel of a fatal case trial the effect of associating pcmcillin and succin^l 
sulphathia/olc with the sjKCificalU amochicidal drugs He ohscrv'cd that 
oedema and hypcricmn of the mneons membrane subsided and that the 
ulcers became more superficial when treated with the penicillin and the 
siilphonamidc compound and he stated that " there seems little doubt that 
in this waj the amoebae arc rendered more easy of access to emetine ’ Whether 
this he tiaic or not it would appear that his \icu is thai emetine remains the 
ultimate amochicidal agent It is difficult therefore to hclicec that penicillin 
and sulphonamidc can make much difference statisiicalh to the total results 
of treating amoehiasis, since in general the eases rcfractor\’ to treatment arc 
not ncccssanU those with gro's lesions In fact most authors stress the greater 
difficuhv of stcrih7ing the chronic c\si earners in whom lesions if present ar 
all arc presumahK slight 

KrtTNTaON rNHMATA 

As emetine appears a highly amochicidal drug it may he askeel why it 
IS not used in cnemata instead of chiniofon evhich both »i vivo and in vitro 
seems relatively less amochicidal The explanation usually given is that emetine 
IS too irritant as an enema I find, however, that a concentration of 1 30,000 

appears to give no trouble at all Such a concentration should have consider- 
able amochicidal activity, since emetine lu vitro js active in concentrations of 
only 1 in 1,000,000 or less, but cnemata of 1 30,000 emetine protlucc results 

no different from those obtained with the usual chiniofon cnemata For 
example, two comparable senes of patients were treated for 10 days with 
retention cnemata of chiniofon m one group, and of emetine in the other 
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eich group w« abo grren emttioe bomuih kdide by mouth dcrriog thh lOdayi, 
ind ■ 10 day courae of arbanooc nbacqucntly Of fony-fiTt pairenu la the 
group gncn chmiofcn enemiti, duiry-ooc appeared cured three relapsed lad 
the fate of dcren u uqLdowq of fifty*thjee in the group giren cimtj« 
eoenaia, thirty-c** appeared cured fire rdapacd and the reaulti of ae\enieen 
arc uninown. It u of Intereil to note that when an emctioe fni>mj is rraoi- 
atcd after tome boim, it ihowa no atoocbtodal property pcnribly the fTnrf Tf 
Ij completely adaorbed. Further obacmdoai tu ggm that enenuta of 
(hmlofcxi gne Cnk amoebtodal adranta^ in practice although they 
may have acme genaal anawpde or dcaiumg effeer It h powlbte that 
cnemata may be omrttcd altogctbcr m the treatment of amocbiaih withom 
Ion of efficiency If thu be ao, a constderable gam in the paocnis oxnfort 
and a eving in nunbg lahoui could be achieied It terma therefore a matter 
worth lubjecnng to mtet crpenmental reit 

oauc aaaiaTAMz. 

To explain catei of amoebiasu refnaory to treatmtot it it ■orrywturt 
•uggwted that amoebae may vary in thru retatance to the drugi employed, 
and, that Inadequate trcatroeni may lead to the de\etopmau of tncieijcd 
resuomce with uhunate laQum of the paradte to be uxQuoxtd by the dn^ 
Thns appean Lrtle cousd experunexual evidence to rupper t ruth a bypotbetli 
m the cate of the artenKiJ tad quinotme drugi in amoebia^b and there are 
good reaaooa for doubting the rididity of many eapmmentt oq which the 
fox etoepne-tetBtajKe rett. While there may be tonty jmdfiea- 

UOD at pmeat for attribating therapeutic faOore n> emetine "‘*^*"'•*1 I baie 
r e c ently obtatned. from a patient who bat lelapied aeicral ume> after treat 
ment, amoebae which teem to bare a bei^tened renttance to thh drug 
dn<rr Dr Cooowt> fiTv^^ that to inhibit infecnon in rau w^th this rtriln reqairei 
ten dme* the doaage of emetiDe that luffico to inhibit Infecilon with certain 
itnim from acieral other paoeoci furtbennore thu paikrtt ba^ cootinoed 
to active E huloIxOe detpite i t e a tmeot with croenne hydrochondc 
1 grain parenteranT and cmcthK btftnuih iodide 3 grain orally given together 
ewch day for 12 dan- At prevent the dhea« appear* contrdled by daily 
heavy doasge wifb diodoqnln but whether the infection will prorc to be coov 
pfctely eradicated or not I cannot rrt aav It u obviou that mvadoo of the 
Incr by ihd amoeba might ha e err ^enou ctm'eqnenccr Simibriy »ucB=»- 
ti c evidence of emetme re^uance ha» been ofaatoed vrith imoetK frem 
certain other patienti who have perwentlr rclajwed aficr ttearmem 

0X1*0 MTTABOUrvt. 

Other nutterv on which more pied«e knowledge b de* ribJe are the aaa 
stare and dtsmbtmoa of the drug* theravl c* m the body Uafommatdy 
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without ogolfioncc in thu conntctun to note thii uben *n craetme cojn- 
pjuod, tumnetme, ww giTtn by inooth on\y on alternate day* as In the 
cociac employed at Urapool for many yean, Luta and Romtrt (IW5) had 
a relapse rate ctpul to 91 per cent- amoog tucnty-tnx chrootc rtbpaing oset. 
although it mun be admitted that other woricn appear to hate obtalwd 
much more farourabie reaulti with thh compound and irethod of aeatmctu. 
The defect* of imdaiy long spaced doses of such compounds a* tuIpboDamlde 
or pemdlUn, allowing a fall in the blood or tusne eoncentradoo of the drugs, 
arc well recognlied, and it may srell be that the optfanum way of using etnenoc 
would be by some method of cononaou* or intenstre admiruatration. In the 
c*K of CQ (Cline an olmota difficulty anac^ from the lack of any satWactery 
method of determining iherapcuric coDcratradom of the drug in rbe body 
and so of contmlhng the docage. 

The neceas l t y for gMng emetine Iwmath iodide in a raJnibJc form so 
that k becomes dUper^ In the got hsa been much dbenssed. To ohtam a 
high proportion of cure* It may also be ncceasarr for rrasom indicated etdier 
to girc, as Dohtll recommended, 3 grain* of emetine hlunuih Iodide dallr 
and the roggesrion of recent years that 2 graloa h snfBdcnt tnay not be without 
danger The addition of emetine hydr^londe parmtenTlT in loading 
ck)*et at the hegranlng of trestruent with emetine Wmimh iodide may be 
reasonable but there seems no eemln tajowledee on thw pcant SimOatly it 
seem uocertaJn whether the tddltwm of ehWofen. caThar»cne or rimlUr drogi 
mateiuDy im p tort* the olrnnate teault. Howeret in the present *taie of oor 
i g noTTirtce and since there appears to be no eridence f any intetfeieofe 
phecomenoti when such drags are used toge t her It «oold not wem unJouiS- 
able to recam their aspoebrioo. 

AmlPTTBMTlC CAJUUZaa. 

‘toother c^uciuon which is fiequently argued b wbttbcr asymptomatic 
earners, for example those in whom erst* are acodeotaHy discoscrctl, should 
be treated. The craii arise of course from amoebae within the paoent, but 
whether these amoebae ate necetsarfly inrading the bowel ttssue or not Is 
uncertain MutacwBui* (1947) apparently bcliesei In such aiymptcmatic 
carrien that the amoeba does not insadc tbc ebruea and that it ‘piles a 
coprozOTC existence, whereas Ciuio (1944) u emphatic that there ts no such 
thing at a healthy csimeT if by the term is imdeittood ooe ro whom no Icsioos 
are produced. Ganssw T and Caam (1337) also heM thb latter tiew 
after \ 00 ca«cs of amoebiam. and belitrvcd iheteforc that all 

Infected indlnduib should rcceire nratment Fartheimote, cren If one 
holds tbc Tiew that asymptocunc carrieM hast no lerioni it would seem 
xiiVMiablc to treat them where pracucallT po^He— tmlew ooe behcre* that 
il^re are noo^tbogentc amoebae Indwmgutdiablc from E intto/ytu#— 
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bcc^ll«t no one can forc<cc \shcn comimou*' rm\ ari'-e which nn^ render the 
eiippoecdh tcmponriK iKniipi ainochac cnpahlc of iinading the l)o\\cl 

III sr VRCn 

\mocbn 5 ii is a widespread, common md mipornnt di'-casc The 
majorit\ of sufferers arc probahI\ rcadiU ciirahit, hut there is an interesting 
rcsidtiiim of Rfnetors cases that would well rcpa\ scientific studN 

Of the so-called “specific ’ drugs tinlmanle used in its treatment none 
has been in use for Ic's than a dccatic while tlic hc'icficial effect of ijiecaciianha 
in d) semen has been known and recorded for several centuries It is dis 
appointing therefore to find so little preci'c knov ledge and agreement on manj 
of Its problems If I have stressed tlic divergent views of difftrent authorities 
and the inconsistencies of even individual authors it is onR to cm|ihasi/e the 
extenuating difficulties of the subject anti to pleatl for a furtlicr attack upon 
its problems In amochiasis the immcdiatelv favourable Init often deceptive 
response to treatment the disarming hnt dangt roiis latencv of residual infec- 
tion the labour and patience rcrpiircd to assess cure the lark of stmnlilc 
susceptible lahoratnrv animal' anti the hmuations of chcmiral and hiolncical 
methods for dctcrminmg amochicdal drugs m the hodv, are onlv some of 
the factors that conspire to confine our Inowlcdgc The result is that tnany 
of our views rest upon impcrfertlv controlled impressions rather than upon 
adequate observation critical anahsis and scientific judgment 

atSICAL RTPI ARCH 

It would be therefore of the greatest benefit to future work if there were 
agreed cntcria for diagnosis and for test of cure, including mcthmls and number 
of examinations, and period of observation It should then he possible satis 
factonly to compare dillcrcm courses of treatment and different responses to 
a standard treatment under varying conditions A comparatively small 
number of eases accurately observed would be more v.aluahlc than a welter of 
material haphazardly handled and uncritically assessed Since the assess- 
ment of the cure of amochiasis is prolonged, it would he necessary to have 
patients over whom one would have a longterm control TIic obvious sources 
of patients who could he maintained under long observation, would appear 
to lie the Services and the Mmistr)' of Pensions I suggest, therefore that 
It would be a good thing for a Centre to he formed to which patients with 
amochiasis could be sent such a centre in addition to the clinical facilities, 
should also have suitable protozoologicnl, bacteriological and biochemical 
laboratories A small unit of this sort developed near Liverpool after 
the 1914 18 war and enabled Warrinttov Yorkf and his colleagues to 
make valuable contributions to our knowledge of the development of amoebae 
With air transport there would seem no great difficulty in bringing eases from 
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pin of the Enjprc lo loch » centre. Tbe nujnben retpdred woold be 
comparilndj i m i Tl , pcriupi • few htmdred a year and iprend orcr the 
United Kingdom and Emnre could hanllr terkftnlr dlwtaniie raUicarr or 
mdtnmal force*. 

LAKniATOU agCT*»fii 

With these clinical mrestigatKins there niiijt be doaely mtegr a ted laboia- 
lorj mxhea. ^Vhc^ Waiwotto^ \oaxx lexiotaly ccanmenced chcmotlKn- 
peutic retcarch, the fint 2 ycai* irarlc wa* largely abrorbed in •earthing for a 
tuitable method for maintaining paibogrnrc trypanotomes aJIre m cilro at 
body teraperattue. Tbi* may hate teemed •cenew^t detadied and aeanaomc, 
but what a rlcb hane*r o£ cbomothcrapeuDC adrance* wa* reaped when once 
h had been njceetifolly tceomplitbed. Furthermore, during thn prcllmlnjry 
p^od, acTeral facts concerned nith the esaenuaj raetaboJlim of rrypancwocDet 
trere inremgatcd ar>d tubaequcotly Jed to the detclopmcnt of an efidrdy new 
•enei of chetnotheiaprutic agent* Knowledge of the metahoHsm of para rm 
k a mott Important pan-key to opening the way to tbetr tberapcntlc control 

In amocbkai* ooe line of work loigfat be the r«olanca] of amoehae m 
pure culture. ThI* would inroire aweniming the Influence of nukaH hactrria 
on their derHopcKoc freeing the amoebae frtpm baetena. and the deitdog 
of culturaJ condla^ capable of nipporoog the anoebae akoe Thk aould 
andoohtedly throw much light on the fundimenial outrloonal rcqiaretnesti 
of irooebae and on tbetr enennal metaboUun. Once a method were dlwmered 
for mamuimng amoehre m a hactem-free fluid medium it k likHr that the 
prelimmary eh^otherapetme MTceniog of amoebirliiai drugt would be mneb 
•tbnphSed and the mode of eetton of several clanfled FoDowrag the«c jtudic*. 
the influence of the bacterial rooteor or chemical conrpoAirion of faecei on the 
pathogenidry of amoebae might weD be eluodited. 

StndJe* OQ tbe metaboh*m of the amoebae might iho throw light on 
crTtain other coryUtKien. For example It ■ e t i i u obriou* that tbe amochae 
a* mere anaromicil entitle' are not nroltrd in producing the pachofogiciJ 
change* of amoebk i nhich prewmiablv remit from the cttoIttIc »erTetlom 
of the amoebae. It r' not iDcoocenabk that If thu crtolmn were fullr under 
(tood •ome Dght misbt be thrown on uoo-'pccific ukrrati c col n n which 
tome cTTohrtic ipent of onknowti ongm po'nblT metaboTic mar be miohrd 
It b potuble that mch ImowIediiT might lead to a coenplcfelr new apptoach 
to the therapy of both condiThin 

Another matter for inreftitaiion k the fate f moebiddiJ druct m the 
bodr and new dcrrlonment In both chemical and bicJocical rtcbnkpie* mar 
hare to be ioupht. Althotrcb the erperfanent ha c hern err Pm red I hai c 
referred to the falhife to demonwrate emetroe in tbe blood of panenn under 
treatment for amocba«». If mdinirr bIofoj>Ka1 and chemical metfwd are not 
nifficjentfr •en'Wir h mitht be powible in the bod* to trace the drag wrrr 
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macoM, Then there u the Volfcnann apooa with k kmg hsiuile, to 
•cnpiiip from the tectum. I dmfTct with the Wea that thii a not t good 
torthod of dagnoaii for it often lucceeda where other methoda fafl. Patrewa 
a«i aeot to me becaoae other people cennot find a3»jcb« in the facce*. Ihrect 
mapectlon of the muco** — direct Tnkieacopic eunanatKm of Wop*y zcatertal 
from the nmeota — coftatiOttea the be»l method of dagnoak. In the great 
majority of cuea the ficcea coctalo neftiar amoebae nor cyata. Some of tha 
aja>ebtc Icalona m the rectum are ertremety (upethdal and difficnh to act 
Quite xmiae the appearance* you aeei m the textbooka they are abaort 
mjcroacopK m aizo and protean in character The aente stage loob Qe 
niccrctive cohtu. There are mnneroua haetMrrtagea «Tut TTw ni 'tt T » n#. 

ii friable and bieedt when awibbed with cotton wool Often when acraptngs 
are made from the anrface the amoebae arc foertd pack ed in >TirmIi« Qe 
On. the other hand the muoma menibrane may tuperfictany present an aimoct 
normal appearance end aH that can be aeen are nocroacoplc bleeding pomta, 
from which blood exudea when touched. In one of my caaea the patient, an 
CE'offieer had been inrahdeil from the Middle £aat with chrome dtanhoea. 
He had been examined many tunea prenooaly with a negatlTe reanh. Another 
early atage la repreaesrted by a dhcoforatloo of the moeoaa r eaembl i ng 

I measlea rash and from the hypoaenuc artaa the hiopnes were obtained. In 
the chiciuc stage the muceus membrane ta heaped up corrugated and podi 
sorted^ with pittmga reaesblmg a aueroacopic pteture of bocob erstm in an 
tcrpi] phctogriptL 1 admit that the mioou Icdcra are not easy to ae« or dt»- 
tieguiah from gland opemnga wbch open mte the regton of the anua, 

I am certam that the blopey pteturea are diagnoeticaUy important. In 
the acute stage it la po*»ible to identify the tjasQe>isnding tropboxoitci of 
E kai«fyMi (oemng between the ceUa and in the more cluon jc stages to dad 
cyata and pre>cystic stages. I bare on one occasion obtained all three stages 
m a preparatron made from a granular patch. In obtaining biopsy apccimgei 
jt ta neceiaary to acrape the rnncosi K^tttfy with the VoDonann spoon, but the 
fT^tng edge Tttvttt not b« too sharp or eke bleeding ta exceanre. In these 
preparttrocLS I hare fotmd other arnodne, such a* EnUmotb* eoS loJMMoths 
Intseiia both in the tropbosorte and cystic atage, and ako cm of EiUtrtiau 
I bdieTe that information may b« obtained from the consutency and out 
hnea of the mocciaal celk. When the ootlmea and ceDukr atroctare are well 
defined and rqpikr it mdteatet a normal mocosa, but where these boandanea 
hare been broken down or are ill-defined, it auggesu that aorne patboiogmaJ 
factor baa been at work. The tenn “ cytogram » proposed for the ccnolar 

^ In the prepttittoct* containing £. Afrfofyftee the appearance of the celk 
approumatea the ccDukr enjdate usually acen m amoetne dyaentery atook. 
It la poeaible fo recognae the ceUa of mocoui cohti* by the swollen appeaiiflco 
of the goblet erfk. 
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»econdjTy mfettwn in naoebiarit cod other form* of cobu* 
ha ofteo been oacd, but I hire been able to find reiy few eoct definioom of 
wti« b metnt by the term. VfBiToet (1928) indicated the poatibibty that 
pathogenic bacteria m the bowc] played a xtde io the dereJoproent of atnoebic 
dyaentery Fan and Moiwet (1033) dcmoaatiated that the pteaence of 
bacteria cciild mflncnct the infecUrhy of the EMt^mofU kuiafyttca In etpen- 
mental mfectioca. Shot Lo-^^awro (1945) aogjeated that the lenoca caoaed 
by the tropboeoitea trught be render^ more acrert by the prtaetee of a 
nniknt mtertmal flora, RnaDy HiUuaiAm (1945) reported eocoaragiot 
reaohi tn the tre atment of rebpting caaea of amoebiaaii with penienhn and 
auccmyl n fph ithi ea oio aicce theao aobttancca did not art on the 
rtielf be preaumed that they aaed on the bartena reipo«{bIc for the 
•ecoodary mfectfon.'* The big qocation, wbkh remaina outatanding, it 
What are the bartena prod odn g the accondary infection ? 

Pertepa aome Dg^ n abed on thb qwatjon by Table IL whkh 
attenqita to flhntnrte the mam qnaliUtjTt aheiatjona in the haeterfal fiora 
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of the faecrt in caaea of diarTboea due lo actire uDoebiaaa or poat-djacntenc 
cohtia. TTieae arc con^iared with control caaea, in wiucb acute diarrhoea or 
any disorder of the krww bowel la eichided. It will be aeen that Bart, cofi b 
equally prrralent m both groopa. Paracolon bacilb and Slr/fiococaa fttetSt 
are iDOre prcralent In the dysenteric group and itaUstical anal^ suggests that 
thb iitcreaaed previknct ta unGkeiy to hare anaen by chance. 

Some farther detada concermog those bartena may be of mtcreat. 

B^termnh^ Thbo r g a n a manditabioc b eimcalTananiaareabigujtom m 
noftnal and dysenteric cases alike. At often u not, it cannot be agglutmatcd 
by the patient a own serum, cren when the colon a undergoing inflanunfltory 
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changes On the other hand, its capaciU for extra-mtcstmal pathogenicity is 
Mell known, eg, in urinary infections and peritonitis, and it is possible that 
it maj become pathogenic in the tissues (as opposed to the lumen) of the colon 
Paracolon Group The diN erse members of this group have been studied 
recently bv Sea itt, wdio show cd that 75 per cent of Group 1 strains were sero- 
logically identical (Type A) Many of these organisms were isolated from 
cases of infantile diarrhoea and enteritis and produced experimentally a similar 
enteritis m kittens Semtt considered that Group 1 (Type A) strains w'cre 
therefore pathogenic, or facultatn cly so It may be noted that Group 1 bacilli 
are related biochemically to the salmoncllas and that they share minor antigens 
wath the djsenterj’ bacilli 

Streptococcus faccalis The increased prcaalcnce of this organism in the 
djsentenc group is not easy to explain It may be that it grew' more readily 
in the liquid medium of a diarrhoeic stool but m some cases it attained a pre- 
dominance not often seen in the normal subject The strains isolated w'cre not 
biQchcmicallv un form and did not produce a haemolysin Dible (1921) 
show'ed that this organism was not usually pathogenic to mice, and our strains 
did not appear to be pathogenic to guineapigs or rats The organism is capable, 
however, of assuming exma-intcstinal pathogenicity in the human 

Aerogenes The mam importance of this organism is its ability to over- 
grow other bacteria during the acute phase of amoebiasis when the trophozoites 
are most active Cultures of the organism arc readily lethal to animals and it 
shows pathogenic activity outside the bowel 

The evidence w'hich I have adduced is far from conclusive, but it may 
throw some light on the mechanism of “ secondary infection ” or, as I prefer 
to call it, “ added bacterial infection,” since it may be a factor in the patho- 
genesis of amoebiasis The major role, how'cver, is probably in late relapsing 
cases and in post-dysentcnc colitis w'here the exudate becomes frankly purulent 
If the hypothesis of added bacterial infection is accepted, then rational 
chemotherapy becomes feasible I should like to mention briefly some trials 
we have made in this connection 

In vitro, penicillin inhibits strains of Bact colt, paracolon and S faecalis 
at concentrations ranging from 20 to 100 units per c cm — much higher than is 
usually attained in the tissues In the presence of certain sulphonamides, 
however, a synergic action obtains whereby the effective bacteriostatic concen- 
tration of each drug is considerably loryered and may come within the thera- 
peutic range of parenteral or regional therapy I have described these m vitro 
tests m detail elsewhere and we have found also that the requisite concentrations 
of the tw'o substances are attainable in the human subject 

With regard to clmical trials. Sir HowarP Florey and Professor Maegraith 
thought that it would be of mterest to see if the penicillinase-producing members 
of the mtestmal flora could prevent the action of pemcilhn By putting this 
question to the test we found that periicillinase-producmg bacteria were often 
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coiu yfetely ilwent m theif itnence, penkillin codU remain tctrre hi the 
pretax* of other coCfortia or » Dr O CowNc* will •bow m the linnen of the 
boweL Wc h*T* therefore giren penWllm peremcnHy with nlplwthittole 
onDy to *omo petlatti tnd pemeflim rectelly to othen. Tlrtre ii oot time to 
•apply the clhual de tri b hot we formed the u np r cM wa that cncounjing 
rc»Qtt» may be obtained. I hare in mind two cues, both of whkh bad been 
reautant to prolonged re*t and to other forma of treatment, in which the rl^r^l 
remlti were rtriking. Correlated with thk, we bare noted TarioiM degreea of 
•upprcMion of S /•tcmSs tnd other mte*Una! bacteria. But I trarw mentioa abo 
another cate in whrch combined tbcnpy with penicillin and mlphalhpttole 
gate no tmprorement FaHiirea tuch at tlua are probably to be expected in 
deaHiig with infccthtfu by mixed bactem whote rcastance to the bacteriostatic 
•geata rano both In nature and m degree. With that reaervation petucillm, 
talpbocumidet, qumoxyl and, poaaibly •trtptan[ 3 rein would appear to hare a 
logical place la tbs treatment of added bacterial infection ui rebp^ng tmoebcata 
and post'dytentenc colhtf. 

It u a pkaattre to adcnosrkdge the co-opcTauon of Profeaaor 
Dr AsaKS, and the staff of the wards and laboratory at the School of Tropical 
Medicloe and at SmiChdown Road Hoepital, LirerpooL 


Data. J H. (1931) J PoM. B*et, U 9 

Pan, W W i htcUKxr H. E. (180). .4atw J Hyt ^ 

KiJuaurB, W H. f1M5) Trms Jt S*t tr^f iSfi. Hyt ** -It 

Smn 8. (1945), 7 Brt CW « 37 

Sira Lc^OUML. (1943). J irffCLDu Tt llfl. 

Stawiar C T J Bn Caw* (In preia.) 

WiKTOK, C. &L (19:^ Pr^wmhtj LondcB BiABtrs, TincUfl ft Oat. 


Dt B J 0 OonnOT When ibe tuff of tbe LrrerpooJ School of Tropical 
Medicine uted pemdlbn, adinmiftered rectajy m the treatment of azaoebiastt,. 
I waa aaked to trace the fate of the petueflEn. Six caiea were mrestigated, tU 
of whsch were p***btg three to fire moliont a day contaitong rarying amountt 
of blood, pot and nu i ran One nuHiofi umta of peradlhn were admuditeied 
each day m a ainglc, small ret en boo enema and treatment cootmoed for 10 


dayi. 

In mrestigiling the degree of p«rai*teiicc of pcmctlhn m the bowel It was 
found that the fim motkm poted coatamed ■ large anawnt of pemdUifl at t 
high co««itralioo and tabscqnent motiotw contained Tittle or none. Thm it 
could be tihen that tbe amoant of pemcinm m the first motion after admmit- 
tratioo was approiimitely tbe amount of pentoiEn re main i n g m the bowel 
at the time of ptsaage of that motem. The reanhs obtained were suffidortly 
constant to be indicated by averagei dented from the tu casa orer the wbofe 
ixxiod of treatment and these are act forth m Ihble I, where rt will be teen 
ito aboot half the <k*e was recorered at 8 boura. and abtwt cee third at U 
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Table I 

PENICILLIN IN FIRST MOTION PASSED AFTER 1,000,000 UNITS RECTAIXY 


Time of motion 
(Hours) 

Concentration 

Umts/c.c- 

Total amount 

Units 

6 

4,000 

600,000 

10 

6,000 

400,000 

12 

3,000 

360,000 

14 

2,000 

350,000 


hours The high concentration of penicillin m the motions should be noted 
as It suggests that there has been httle diffusion of the penicillin into the more 
proximal portions of the bowel 

In order to estimate the absorption of the penicilhn, serum blood levels 
were estimated every 4 hours , but these were very variable Although some 
pemcilhn was usually demonstrable in samples taken dunng the first 12 hours, 
the concentration was never more than 0 3 unit per c c , and always much 
less than the levels obtained by the intramuscular mjection of much smaller 
amounts 

It was therefore found much more satisfactory to estimate absorption by 
measurmg the urmary excretion, and daily averages for four of the six cases 
are detailed in Table II The total amoimt excreted ranged from 5,000 to 
100,000 umts a day, with a peak of excretion at about 6 hours These figures 


Table II 

URINARY EXCRETION OF PENICILLIN AFTER 1,000,000 UNITS RECTALLY AT 0 HOURS 
(Average over 10 days ) 


Time 

Case 1 j 

Case 2 

Case 3 

Case 4 

Hours 

Cone. 

Total 

Cone. 

Total 

Cone. 

Total 

Cone. 

Total 


U /c c. 

units 

U /ce 

units 

U /c c. 

units 

U /C.C 

units 

2 

3 



■H 

37 


68 

m 


(i 



mSm 

32 


107 


■■ 

6 


13 


23 

10 800 

90 

wgm 

14 

tr 


16 

WBm 

12 

2,600 

30 


18 


- 



1 

200 

4 

mgM 

22 




mm 

tr 

100 

3 

mm 

24 

IB 


Bl 

■1 


— 

1 

■m 

Totnl 

■ 

6,000 


17,300 

■ 

38,100 


98,760 
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•nggcft the ponflnLty thft, by the rectJ ednunjrtntwo of poadlfin, umary 
kreb of eome tbenpeotic Tthio might be obulned. 

The effect of pe nkffl t n oa the ttoob of the m c*ia a ehown In Table lU 
•where jt will bo *een that there has been bnproT cm eot m 2 and 4 

A detailed Inveauption of the bacleml flon was not attempted bnt a rough 
qoantitatiTe eatnnatc of the number of Ofgtiwns of the cnterocoecus group 
w*t made In three cases and a temporary auppreanoo dmiag treatmeot deowo- 
•trated. Thia organism, n citro reqtured abont 20 uniti per cj:. to prerent 
Its growth. 


Tuu JIL 

auawToi or meat bekki axb tram sktu. urwoewnunoM or 
IfiOOOW) oiCTi rrwciUTB oin-T m to n. 


Cm. 

BWon erworat (Iw Aftw crwmaB* 

S'enWr \ CtaAmr ^ Nwxiti* OwrMSr* 

1 

a . FXad a Ftajd 

' MnexH llluTO 


1 I SoLd 


1 SemMUi * Gsaj-n.id 

BUxd O'ocA. ha 

• 


$ 


• 

a , FTud * ^-d 

1 Mood. P' 


It IS resEaed that these inreatijaucmi are too ruperfdal to bear any ireght 

of deduction but It appears that ff 1 0(X> 000 onita of pen Kilim were sdimmstered 
daih by the rectnm in two or three dinded doses It woqW be p^-bfe to mam^ 

I high coocentrstioQ continnonslT ffl the rectum and tha mighi be expected to 
[Dodi^ the bactcnal flora. 


Alr.CojmDoai« T 0 Korttra 1 pTopo^ w co<illn= my rf 

yyptal mod>»o dmmg tb. w .bt ifficuby ' 

o bon w lotet my ata m the u™ -t my cb<p<BaL 
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FULMI'VATING AMOEBIC DYSENTERY 

This IS e\tremelv rare and only occurs in war or under famine conditions 

Case 1 — ^In September, 1941, a soldier was admitted to an R A F hospital 
in Iraq from a comoy iMth a diagnosis of an acute abdomen He was pulseless 
and collapsed, dehydrated and \omiting, the abdominal wall was guarded 
and exquisitely tender After I V glucose saline and a blood transfusion, the 
patient rallied sufScicnth to give a history He had left England 3 months 
previously by.sca, he had gone ashore for a few days in Durban, and eji route for 
Bombay developed a sharp attack of diarrhoea which had been successfully 
treated He was 3 weeks in a rest camp in Bombay and the diarrhoea recurred 
He did not report sick as he was afraid of being separated from his fnends in 
his count) regiment he hoped to carry on with his battalion until they had 
reached their final destination, when he intended to report sick He transhipped 
to Basrah , by this time he was passing blood and mucus some three to six 
times a day On disembarking at Basrah, he proceeded by road m an open 
truck from Basrah to Habbaniyah Unable to eat bully beef and biscuits, his 
only sustenance was frequent sips of w'oter Four days were spent on this 
desert trip with a shade temperature of at least 112“ F , and his suffenngs can 
only be imagined He was transferred to our hospital in a collapsed moribund 
state There had been no diarrhoea for the last 3 days and auscultation revealed 
a silent abdomen On rectal examination, some dark blood-stained faecal 
material w'as present on the glove and oozed from the anus Operation ivas 
not considered justifiable until he had rallied sufficiently, but death supervened 
within an hour A provisional diagnosis of fulminating amoebiasis was made 
A postmortem examination Avas earned out personally wothin half an hour of 
death On opening the abdominal cavity a general pentonitis was evident 
wth a recent perforation in the caecum where an area of the bowel wall had 
sloughed a^vay and there was a second perforation in the descending colon The 
whole of the large bowel from caecum to anus was necrotic, a purplish green m 
colour and of the consistency of wet disintegrating blotting paper On opening 
the bowel the mtenor was a dark purplish diffluent homogeneous shmy track, 
no mdividual ulceration was distinguishable There was no evidence of any 
thickening of the caecum and the bowel wail was too fnable to attempt to 
remove it m toto The liver appeared to be normal macroscopically, but I 
regret to say it was not sectioned Scrapings were taken from the lumen of 
the bowel and on examination were found to be literally crawling with Entamoeba 
histolytica The most interestmg feature of this case is that at the outside limit 
the disease could only have been contracted 6 weeks previously m Durban and 
in all probabihty it had been contracted later in Bombay 

AMOEBOMA OR AMOEBIC GRANULOMA SIMULATING A NEOPLASM 

This may be defined as a hyperplastic localized tissue reaction of the 
colon giving nse to a palpable growth in the abdomen or rectum or both and 

F 
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tiable to be nuttaken for t noptttm. Ita rrlatirdy wre, but I h»re cncoonterrd 
•cren caje* doriDg the recent war 

^ — A tergeant, tged XI xn» »etn in 1W5 Prfmms hstory 3 

month* prenouily on ■ flight from (>iro to India, he developed ■»eTcro<hafrtioei 

whkh cleared up apontaneowly In 2 day> Durrhoea haa ihemated with 
camitlpation ever nnce. For the pan '»J roontha he ha* had cpigannc pun, 
together with dirtensioa of the ttomach and »pen* of dtarrhoc* and conrtipa 
tion. He dereJoped a moderate witcrr diarrhoea with Ught coot* fi t di\-< 
before be wia admitted to an Amencan inilitarT bo*pital m Pans. On 
cxtromatwci ho was found to be tender on the right aide of the abdcjmen at the 
level of the umbibeta no mm wa* palpable. 11» total white cell count waa 
83X> with 70 per cent, polpnorphonuckar leococyte* IIi* B 3 R, wu 30 moi. 
iQ 1 hour Four tpeatneiu of faccea were negative for E hsloJyticm and on 
culture Bannm mral oegatite Kahn ten wa* poait re 11 dayi biter be 
wta tranaferred by air to the United kingdom and waa admitted to an Rj\ F 
bofpital. 

On ezarcunatioD, a Arm nnmded mm could be feh juat above the nght 
ibae fom which extended upwtrda toward* the Irver and pentenorty toward* 
the lom It wa* very tender and did not move on rtapirason. No enbrgtment 
of tbe liver \ ny of the hingi tod diaphragm somitL Stoeb were Lqdd and 
greetuih m eeknir with *(0*0 phip of b)ood*<uu>ed mom*. Blood count 
•bowed t tolal white cell count of 17 000 per cmm. with polyacrphonuclcar 
[eocoeytet 6S per cent. ^aMcrmann and Kahn ctnegly posUve Rectal 
cxtmnatiaa very tender and • Urge pdypolda] caollBower mm cookl be feh. 
Proctoacopy revealed an irreguUr ulcerated mm /u*t beyond the lotema] 
fphincter acrapingi from tbe ulcerv were full of active £ kirtotjU£* contaiaaig 
red blood corpoaclea A hanum enema nrc roonung abowed grow irreguUrrty 
of the reCtam and pelvic colon with one filEng drfect on the left wiD of the 
rectum. Some barnira did enter the tramverae colon ahowing it to be very 
irregular In outline The caecum and adjacent ascending colon contamed a 
thin aueah of harram only — either due to apaam or fiUing defect. The tender 


tumour paipablc m the RXF correapond* with thia caecal filling defect The 
patient waa given 1 gram eortme iDtramuacnlariy for 12 dav* for the 
first 7 of these days ho waa gtren 2^10000 mm* of petucinm and dtodocpim 
waa aarted on completion of tbe courae three tabkta td.a, for 25 day* In 
6 day* the Urge above tbe right iliac fom wa* no longer palpable rti 
rapid diaappeaiance la difficult to cxplam onlen the roua ww due to tbe great 
omentum guarding a threatened p^oration of the aicendmg colon. The 
dianhoca had ceawsl and onlv two atoob were piaaed m 24 hour*, the patient 
waa cheerful *nd eating welL Serenicen days Uier a proctoacopy revealed a 
ma*s tbe *iw of a tangtnno orange, which appeared to completely obttruct 
tbe rectum but po*e»ed a himen adtcatuit* the Up of one finger 

Three week* bter palpation revealed a fibroua band at the »rtc of the 
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Af Wi‘>/iirriljl V — \of Traj mn/vx* 

24,7 46 — Sodden on*et of nrtictml mh orcr forehead and trutik, 
*i*oCTted with 1 rery coUipwd conditjoQ, AdmtaCn hydrocljoridc 
10 mm, 1/1 000 LM. Grren caknnn flocontte M,, and condition improred. 

Comat Tat — Nefttirc Amodne complement fixation tert neyttire 
Hyd«id complement fixation text negatirc. 

DiagKtii — Bttcd on geoenl freopmg of tymptomu, togttfaer with the 
hittofy w« amoebic hepctitk with « poMibte •econdtry mfecuoo, « pren 
1,500000 unrti of pemaUm and 30 gfimmc* folphithjaxole 26 7 46. 

Ctnim completed in 4 diyi 

WhU amnt fell to 7,200 then tuned lo me to 13,300 Coonc of emrtme 
ttarted tnd 8 pilm g i r en . 

IFcofTiMm aid Kahi , — Kegttm 

Dunng thii time, dttcomfort tt the right coeui margin hid contidenbly 
improTcd wrth penolGn tod coipluthitxole but the tcmpmmre wtt (till 
rtjicd tnd tn cxplontfory hrer puncture tm arried out on 7 8.46, No ibtce** 
etrfty found 2 dtyi Iner experienced further urticara! mh on fiexor rurface 
of both foreimu followed by tccreued abdorraoi] dneomfort and roncfling 
nibte Mood eoKxt — 11,200 on diy of bier upirzlioQ, rvmg to 33,000 
2 dsy« liter Hk eocmophiU were ibeent on the dxy of ha iTte^ inicb 
but appeared 2 or 3 dtya Utef In modente namber* they emr excreded 
6 per cent. 

15,8.46 at 20.00 ifean.— ^>pereiiOD ibiceaa of quadrate lobe of Unr 
found } ptot of brovn ochory like pua upinted. The abacm tube dndned 
wdL 

245 46 — WeU. Is o ( y c yt o ma. 

Seen 2 monthi liter perfectly fit Ko reaurence of urticanal itucbi after 
operation. 

AliODic TTrHLrm nMutaTWO AOT«)icrna wrm a« OTmaoAL 
courucATio'e. 

nd* » I rclatirejy common (yndroioe but the following caae a probably 
untqne. 

4 In 1947 the pstieni was under treatmera foraubaazt amoeboia 

*ctrTC £ i«rofyt*c« were preaent m lua rtooit with mrunii but no blood. He 
had r c to T cd two injcctrom of emetmc when he dereloped acute pa n n the 

nght lEac foot tnd wia tender on palpation oTer hfcBumcy’ point. A aurfeon 

who wif calkd in idTiaed imm e d iate operation but In Tiew of the hotory I 
felt ft cm tdntible to drfer operaium oatil at leut 4 gruna of etnetm e had 

been riven and to hold a watching bneffor the Umc being The pam, howerer 

mcmaed m arrtnty it waa of a comunt character with acute coheky eucer 
bationi on the 5lh day an operation wta earned out and a Urge awolkfl 

appendix waa remoTcd. On aectiofong It, to my great rerpme I found part ol 
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upcG the numbo of »moel>*e injected, nor open the Bcvcf U j of the 
humin infcctkm* from whtth tHey we r e denroL We h*TC sbowo rec en tly 
tint 1 Btrem from a tymptomJm earner wfll produce bctctc leaicta m the 
caecum of the nl, tho* conUrmuig the timiltr obtemtiona upon kitten* already 
mcntioiied by the Pa atu grr 

%\ith ref[ard to emetme rcaistance, I cannot agree with Dr McTrotTtOTD 
that rre hare deownatrated lha conctuairdy It It true that the itrain 
from bli patkni required doaei of emeune within the tone range to produce 
any effect upon infection* m the rat but on the other hand, the mort aenntrre 
•train we hare handled wi* denied from one of Air Conunodore Mowros'l 
paticnta who had tbo rtcared many unaucctaaful tr eatm ent! with emetme. 
TTu* endonce add* weight to the new that pathogenicity and drug reafttance 
may not be intrmttc propertie* of a atrain of amoeba but may be determined 
by other facton auch aa the etmrenment prondrd by the boat and hi* partictilir 
way of dealing with the drug* idmintecred, and the nature of the bacterial 
6ora accompanying the ctram. 

It t* a plewure to acknowledge my indAtedncaa to the ttaff of the WeOcome 
Film Unit, and eipecijlly to Mr ^dclai Fintzs, who photographed and 
prepared the flhn. 

[Mr FUHBt then projected the fibn to which M Goodwik had referred.} 

Dr 1*. E Eapttr Mr PimiiCtT n la now rery late, and yea youradf 
(hacutaed the ** carrier " qnestiocL, the only point to which I r^y wanted 
to drew atcentlon umght ao I will be bneC There doea not appear to be 
any accepted teaching on thii rubjecc Many people are ignorant that there 
ti fneh a thing sa a higb percentage of cyat paaeera m temperate coantriea. 
Yon mentioned the figure of 20 per cent, for America. That e*timat« waa 
made by FapfT and I think it wa* high one 10 per cent would be a more 
cofiacrvativc eatimate. Tha 10 per etni. refer* to a ctom *ection rf the 
piopulition at one time \oa youiaeif were only a earner for a few yean, w 
that if at any one time 10 per cent, are camera, it look* a* if 50 per cent or 
more will be camera at one innc or another during their 1 rea It » hardly 
to be bcHered that all thcac people have ulcer* n the ntcBtjnea or atlH mere 
BO that thi* high percentage of per»on# in the United State* arc m a atate of 
aub-heahh on account of itu* infccoon. 'iou m ytrar excellent openmg of thn 
dtacumon, aat on the fence, but 1 Hunk the lime for the medic*l profmioQ * 
Bitting on the fence u oref and we Bbould try to get down to the problem of 
■whether in a notv-tropical councrr the earner meaiu anythrag or not OtlsH- 
wife, In ■ very •!*£« ome m the ^ pre** tbere will be advcrtitememi on tbcae 
hne* “ One m fiix bare it I Do ytra feel m perfect health ? If you don't 
you arc probably a earner of FataaKwha farto/yftfa. Take our pill* for 21 
dar* and you will be cured and feel a different man. Dr MtJaavreoTD aaid 
—and I beDrrt that you agreed with him— that f h« met perwo who wa< a 
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niemally infected nti the unoebae hre at commomli and mccit bactem 
or Invade the mtcatlnaj waH and feed on red bicxxl coipuacJea. It h thoa aeen 
that the food tab ti of £. hstvfytict vaiy according to ha mode of esitence in 
the boiceL That E. hitofyUea U onnuvoroua it alto endent from the fact 
that itt food habiti can be changed at win. Thus when amoebae, nduch hare 
been bnng aa com mma ala and feeding on bacteria in the gat of a monkey 
arc tramferTcd to a khteo, they invade ita intestinal will and atari fetdmj « 
red blood corpuacica, btit if the amoebae from an infected kitten are ^eco^^eTe d 
m culture th^ revert to their ongmal food habits arid In g est bacteria. Though 
the question regarding the behavioor of £. hsiaiytic* m the human bowd 
stands in need of farther mveatifadan, the poahion of those who regard it is 
an obligatOTy tisaue parasite it untenable even on d pmtn grounds, for it is 
incoQccirable that an orgamsm feeding excharirig on trasoe eiements and 
erythrocytes m the human host ibould completely change its babhs in other 
mammahan hosti and m cahure, and become a fe^cr on bactena. However 
such changes find a ready cxplanatioa if ft b aas u med that amoebic infection 
abowi every gradation from commenaaljam to true parasitttm. In accordance 
with thn view the boat pariarte rebttanahips m amoebiaaa can be Traaahxed 
aa follows Although £. ha«tyt»c* U a pathogenic paratne, in the seme that 
It n endmred wrth the power of icrading the tbsoa of rts host, producing 
letttma and chnieal syarptoms of dbease, in the great majority of esaea rt does 
not manifest any endence of nrulcnce. for in about 90 per cent, of persom 
haiboQniig thn parisrte the infection b symptomJeas and the host is a earner 
In some ^ these camera the smoebs Ihres as a harmless coiTLtngnsaJ, wttbewt 
lOTsding the tbiues of the gut, though it a c on c e i nhle that it might do so at 
some period of the infection. But eves when the gut waQ b inraded, ha most 
cases the reparstire powers of the host ate capable of re stri cting the damage, 
with the resuh that do cEtucai symptoms are re v ealed, and only fn a ndnonty 
of cases b the boats defence broken md the disease develops unhampered, 
with the weD-known symptoms of amoebic dysentery TTic eustence of s 
commcnHl phase in the fife history of E htstoiybcm has a direct bearing on the 
epidenuolojj and dierspy of smoebiatb In this conncctiOQ it may be twted 
that some autbon maiiitain that the amoebae faring in the himen of the gut 
are the oaily forms capable of encysting cod propagauug the m/ectioo, »h0c 
others hare found that these forms are more reststjnt to the ictioo of emetine 

the tissue forms. Howev er these views stand in need of venficslion. 

Dr B- B Aialrew May I make two very brief remsits onecoocerns 
the £, hsttiytum cyst rate amongst Australian troops. In Austrafii, \Uyx 
LAKCAna eamMed 155 healthy troops and the percentage rate was 3 X 
Amongst the troops m New Games Sffl were ciammcd and the rate was 3 7 
per cent These numbers are Dot very different What was different was 
tEt m New Guinea there was a high baciIUiy rate and an appetctable rate 
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on tbt »pfhcatKm of the apcmnenul infection of rats whh £ iirfo/rftr*, md 
there arc one or two point* 1 thould He to nd*e. Before doing * 0 , 1 con- 
p*tuJ«te Mr Gooowin on the Tcry fine fiha be has pat thown to m. The 
eipermttnti] infection differ* videff from the blood itream Infccttoo* oted in 
nuliri* tnd trypmofcjmiua re*e«reh. It can be mflueneed hj mrmcrou* 
factor* other than the tett dnig, and cocaiderible caution h« to be fru r iMst 
in mlerpretlng reaoh*. It n eMcntlallj *n »catc infection and h trartaent. 
In tid* respect h differ* from that phase of smoeblssif whKh rrwi trouble 
to clinicians, naiudj the dmmic, cyat-passing phase. Tlii* at fint tight nay 
ippcsr a disadnntage, hot nbatcrer the dmdrantsfc* of the method I har* 
been able to rniio good progress In the cap er unental chemotherapy of the 
d » e*te . It armild be premature to disco** the results I hare obtained nov and 
from the cBmcisn* pomt oi new this may bo disappointing after all, they 
are not so much interested in a new method u m a new dnig arising from the 
met hod. I was going to mentkm some of my results in the expenrneota] 
erahution of known tzDoebteidea but as they conform so cjosely to Mr 
Gootww’i resoki I need not discun them m detaO. I eaxmincd the then 
peutic effect of emettne, cbimofon, csiharaoiie, storarsol and dlodoqum and 
found, as Mr Gooottm foond, that e m et i n e and chanofem were by far the 
moax effectire of the s«^a^ with nomaol, eserbersone and diedoqmn a tong 
way behind. IncrdentaUy I fmnd diodoqmn the lesst effeettre a^ only by 
giving repeated doses of this drug was 1 ble to demoostrate any action at all 

Hi Ooodwia AKhougb Urge amcuou of diodoquin are requited to cure 
rats, the chenuthsnpeutte index is not dexmmnshle, stneo t is atmott 
impocifble to kill a r«i with it Thia is a pomt m u favotir 

Dr W E. Cooke Daring the w*r when we had not the help of oor 
hospital and so were unable to cxsmme stooU frequently in patients, where the 
£nt stool examioation promi ccgstirt, proctoscopy and exzmirunion of the 
mateml *0 obt^ned often show^ amoebic infection. Indeed, on a few 
oceasiORa the toe of an ordinary finger stall and exaxomxtion of the faeces so 
obtained showed E ktsie/yite* present Thi* procedure may be hdpful when 
a proctoscope U not arsiUble. 

Dr Wanyoa pn reply) Theia is no doubt we hare bad a very mterestuig 
(hscunrioQ this ertning, ^ a number ot point* requiTing thongbt *nd con- 
siderxtian bare been raised. 

There i* aiwsys tbe trooblewnne question of the healthy earner It h*» 
to be admitted that a esmer may at toy time suddenly derclop amoebic 
dncatcTT or tren hra- withoot uiT Jjtatay wfcitorti Tbn to W 

Kmo to cooBdor the pmibiDtT of diKororfag ill cimen ind nibmitti^ 
tton to ratment In order to endictc tlio tafeemm. In the c«Ij put of tin 
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CO]\OIUNICATIONS 
STUDIES ON THE GENUS SHIGELLA 

BA 

LUIS M GONZALEZ, 

P MORALES-OTERO 

AND 

J ENRIQUE PEREZ 

From the Departme^tt of Bacteriology of the School of Tropical Medicine, 
San Jnan, Puerto Rico 


I ANTIGENIC STUDIES BY THE PRECIPITATION REACTION 
Investigators of the last decades showed great interest m the study of the 
antigenic structure of the Shigella group of organisms Andkeaves and Inman 
(1919) conceived a muluphcity of antigenic components represented ivithm 
the body of the bacillus, hke a spectrum, havmg a quantitative predommance 
of the factor that determines the type However, their opinion was challenged 
by Boyd (1940) who stated that each type is characterized by a type-specific 
anagen, and all types (V, W, Z, and three new types mtroduced by Boyd, 103, 
119, and 88 Newcastle) are inter-connected by a common antigen specific to 
the species Boyd’s work w'as later confirmed m its mam pomts by Wheeler 
(1944) The common antigen of the speaes Avas analysed by the latter and 
found to consist of nme components Wheeler agrees with Boyd m that 
there are six type specific antigens, one m each organism which characterizes 
them 

The latest attempt to solve the already complicated situation concemmg 
the anugemc architecture of the members of the genus Shigella is the work 
of Weil, Black and Farsetta (1944) These workers believe that the mam 
problem for the classification of the group hes m the essential antigens that 
dominate the immunological reactions of the host, which are the type antigens, 
and not the group specific antigens of the species They also believe that the 
problem of the antigenic structure of the Shigella group and that of the 
genus Salmonella are analogous 

Weil proposes a neiv classification for the genus Shigella based on the 
pnmary or dominant antigens This neiv schema comprises all of Bora’s 
Flexner types, including the rare strams he found m India and the Types X 
and y of Andreaates and Inman These last two types had been discarded by 
Bora and Wheeler because they were devoid of type specific antigens and 
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AD tbe riOTri Saoom ao far pfocnaed hai^ h^ n. i i 

■moj IggtmtonMbKopta MO. 

made to react with the whole anura cipoacd oo tire ** 

probabjy the complete annjenk: compici deacribed br Bon-™ and 
(1937) and emfinned bj Moicax and PaimuDoz (1W<^ Howerer In thb 
pboafiiaiu. comaimng polj«ccb.nde protem cl^ an^^h^^ 
of the different t 7 p» of the hadSw det^re^lrX 

Mnou method, for the dtncnm of iha eMbohydnito Imo bom lod 
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htoo^MO™ 1942. IMS Dura. IM4) The foriumKie method of 
CTrractkB uaed bj Gotiaixz and MoaAtxa-Orxao fl?42 end 1945) 
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FoirooTutd \»canet T.nr made tiom each ceic ol the type cultmej ind 
an rue mm for och one of (be (trahti hm picp ar nj m nibbitt. Fomunudr 
extiacdoD was nude from c^ery type stum and preapitation rc«^ acre per 
formed with bomokigDui and bet^Jogom sera The inuieTa acre not 
absorbed they acre used as obtained from the rabbits The technique for 
all these procedures has been described In pres loos papers {Co\zAixi and 
MostALaB-Ornio 1W2 and 1945). 

In Chart 1 mserted bekm the preaplration reactions for each anngtn 
and anoscrum are indicated. 

Cmsstt 1 
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VVII mii^occd by rt «/ themed the ume antigenic partcni, »ugww 
tag ihoe t»o rcpracmatiTc Ubofatoiy itraint belong to the wtTw type. 

No crowracnon ma obtemd bcn»een Type XIV (27-1) and Siu 
•iMMlnctm, A ibgiu predplaoon w» pnadoetd by the antig^c miict of 
n* ^ anriierurn of Sh sormn ihn n i confiimatloo to cto*»- 

reictlcai between thoc -two typei reponed by terera] luthon (Botd 1940 
WiniLDi, 1944 Diaw*, 1944;i 

Co.xojnaoys. 

I The Typa I,II,ni.IVVVI.lX X,XI.Jai, XHL XI\ of the 
genm ShigtUm ponen a type-epccific polyncchande aougen whkJi chanc 
tcrize* each Indindual type 

2. Other meniben of the genoa ShtefUs not mdnded m the tV m i»f 
•chema— 5A alkalftcrns Sh dapar Sh. tchnntp Sh, nmrui Sh dyten- 
ttTw (Shiga) — aho hare a type-epeohe potyacehande antigen which chanc 
teriiea the type. 

3 Type VII of Wen. a riaa d fira don (cormpondlng to Type X of 
Axuatwxa and bruuda icbana). cootama anogenic faaon aJ«o foimd La Type» 

I m rv V and vm 

4 Type VTTT of V. m • achema (Type ^ of Axtiurwra and coo- 

tjdni asugemc £aaon iHo foood b Type* L n. III. r\ V and VTT 

5 Typei VI, IX X XL XITL XTV and Sh, tlkallncms 
Sh. ^par Sh tehmito and Sh. dysndana* (Sbga) do q« hare polyttccharide 
anogenic facron m commem with any other memben of the gnmi SbgelZa. 
Type Xn and Sh lor tne i hate a cdsudoc carbohydrate cotopoacnr 

6. Type I-HI hat two antigenic potyocchande facton 

Type II Vn hat the anogenic baor which charactenxet Type IT and 
the antigenic coomtuenrt b Type VIL f 

8 Type V Vn ha» the polyaacchailtfr iperifir to Type V and the antigenic 
ccenpoocDti foimd m Type VII 

9 Type III IV of Wrn. ci *1$ acbema waj found to ba c only the anti- 
genic factor f c preacD fantc of Type IlL 

II MUTATION OF SHIGELLA PARADYSENTERJAE AS REVEALED 

B’i THE PRECIPITATION REACTION 

A polyiaccharidc antigmk component, which detenninet the rpedficity 
of the type, hai been demonwrated in all memben of the gentn SkiirtU 
Seratl famdgtton (Daiwa, 1944 Gowiald and Mot-uxaPTra o 1945) 
hare lacd a preaptatioa reactKm for typing the Flcmer group of dyKOtery 
Howerer the formamide method of eitracooo maio poiriblc the 
npid preparation of the polyiicchafide anogen. freeing It from c<her w 
nrmna^g raaterial that may Interfert with the anagavinnbody leactioc 
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VUI fai ionie ftntiiH the ptropwatc [or tbe Uwer wu rulble only u *a opikt' 
ccDce. TTie *nmna of diii type of Pkxser badTU, Itept for a la^ ttm<» under 
artificial cohiraoao, iborred do change when jeactiDg with rh^ bociologotn 
antbcrum, but tbe predpitaticn with the Type Vm antuemm mas rery i^hc 
One of the old culturti gire also a slight preopitatiaD mth the anttwmm of 
Type IV 

Tt»» tn (Z). 

The farm amide extract of freshly isolated strains of Type III p rc dp t ia ted 
Type in anciscnnn and prodttoed an opalesttoce in anitsenim VIL See 
ciart 3). A culmrt, Isolated seme week brfore the twhers, ga c a hearwr pre 
apfaatc wnh anosemm VIL Occasmoal opalcscaice mw obwTicd m tnrfsenan 
VTTT In addition to tbeor botaoJogous senuo. tbe ttrams of Type III, mbkb had 
been in tbe laboratory stock for about 3 yemrs prtripiarrd the snoscTUtQ for 
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Type Vn strongly Precipitation was also produced in antiserum V, mdicaung 
the presence of a fracuon m their antigenic extract for this type Anuserum 
Vin was reacted upon by one stram 


Chart 3 
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Type I-HI (VZ) 

Recently isolated cultures of Type TUI formed a marked precipitation 
m antiserum I and an opalescence m antiserum III (See Chart 2 ) As the 
cultures aged, the precipitation m antiserum III became more pronounced 
No reaction was obsen^ed with any other sera 

“ Old cultures ” of this dual antigenic type behaved very differently from 
freshly isolated strains The preapitation, induced by the anngemc extract 
m Type I antiserum, appeared now only as an opalescence, while the reaction 
with antiserum m was very marked m aU cases One culture did not react 
with antiserum I The appearance of antigenic fractions, common to Types 
VII and Vm, was endent, judging by the heavy precipitate formed m these 
ti\ o antisera A slight reaction was observed for Types IV and V No precipi- 
tation was noticed with antisera II and VI Although isolated about 3 years 
before like the other cultures, the strain marked No 10512 did not show 
preapitation mth antisera IV and V The reartion ivith antiserum Vlil was 
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oolj »light. wtlle the predphite formed In tntiicnim I «u miiked. Appar 
cmlj the dunie m thb pirfcular wmln ww not ar the ame rate t> m S 
other cnit nrg of the ««rTx- tge. 

Tm IV (103 Boro). 

Type IV »ho»ed a greater degree of vanauoo m lU inrigenk: tmicrure 
than any of the other typea. (See Chart 3) Mutatko aho occurred within a 
•hortcr rime after faoiarlai. In aome maomcej diilcrtnce* in anogenlc ttrnc 
mre acre noticed a few dayi after the culturea were obtaimd from paoenta. 
Andgenic cmicu of culmra uoltted 2 or 3 dayt prior to the tett prodocid 
a matked preapitarian m anthernm IV and a ihgfat opakactnce m antiiertim 
VUL One or 2 wteki after taolackm the atnuna began, to ibow a found 
m atrtheruui V Pieapitanon m anrttcrum vm waa bcary and « u alio accom- 
panied by marked pifcip ltatioo fa anoacTum VD 

Culmra of Type IV »hkh were obtained 3 or more yean before the 
praetit ttody exhibited preaprratian In all antiaeia. except tint of Type VL 
In pracricaliy jH tnamj the pteopnatwo aiih antheia IV Vn and VTII waa 
barj rriuk with the other aera there waa aDght opakanort ooJy Ottaafan- 
aDy adtura which alio formed a marked pe^pitaic with anriae mm V arcre 
encottnteted. 


Tm VI (WtUrwca^nx). 

The analy*a of the colniTa of Type VI did nor ihtsw any aJtcradeo fa 
tK^ innteDic i rro ctar e due to ajefag (See Chan 4 ) The otganiama of thia 
type pieapitated their bomologwa anoaerum only 

Tm Sh. tcTtfui. 

Two recently hobted colnirei of 5h strrnm were ctanpared wnh ferot 
atiafai of dm type diat h»d been In the labotatory «oci for 3 jean. The 
fonnamide extract of die SK aowwt orgimnna produced predpitatroo m their 
hotnoiogom andacrum otily The antigen of the recnirfy laolalrd ajlrma 
formed a qtnte noticctblc precipitate bi the antjacrum, but the andgenic 
extract of the oW culttnra prodoerd only an cfialoceDCe m the leTura. 


OiacvaaiOH. 

Vaiiaocm m the SA. peredyienterwr group hare been mtdied by many 
taTMUcitOT fBoro 1938 TAHn. 1937 H*oLrr 1937) bm moe o( 

tbt pcopadco itKoo. m theu mdlo. Ttar .rodk. of tbc 

olWos lo to JTOOP of bodm tare bra on tbo.ppa^ 

of iho coiMuc oal on to ilmrioo of ibo HTocniio of iht otjeum 

amraurrfby^toriontoCtionu A oompwtbo 

otonng to podplnoon rrato •< •» nnrapBre tod ThtoraaDr 
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Reccnth isolated cultures 
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24SE 



\OZbZt^‘'. 

PGOIA" 
10438B 
71G8C.' 
esBTD 
lOECac ‘ 
S-1C3A ■■ 
9074A f ■ 
5-7050'" 




T\-pc VI (83 — Newcastle) 

Antiscr» 


g g 


soo 

213 

220 

2<B 

249 

275 

295 

108 

115 

173 


P1743 

H4S04A 

7530A 

le7^A 

I^620B 

M179SA 

H1797A 
1-3 56A 


bom Z cell'^Tf ont.gen obta.ncd 

Donenr nmrli A ^ organism, vamtions o£ this carbohydrate com- 

In general rbe^ ^ mutative changes, may become ctident in this reaction 
come about at occurred m the different types studied do not 

at vanous times ^ isolation of the cultures but may appear 

soo„!r'',hTm Tvt' IlnTs^."’' ’“'S'”"; <>t Typ= IV occ.r 

before alteration ^n c ’ variation m the latter type becomes evident 
exarole of A of Types I or II arc noticed Another 

the contrarv mutation is the well-known case of Sh sonnet However, 

anificial cuhivTn (88-Newcastle). on which 

ficial cultivanon for 3 years did not have any annreciable effect 
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Qom mmkoiji 


type-ipcafidtjr id the of the FJei^r b*dlD preboMr 
proce^. ^ u «JEB«ed hj Mwm (1944) for the atwOir polr-c 

cbtndct of nnJcQt peeumocned tod for the Vi »ominc polriocdurida of 
nn^t E. lyphotM ind » forfi. Low of the typ^peoBc mdsenJe cnbo- 
hydrmte faaor waj ctwred ia Sh. toma but Oo other fntcrioa focod in other 
SfagHU OTjamcm wm »cqulted by thb pamctiltr type. 

The dungc* In Type* I tnd If were not rtiy rigmSaot. Aj a remit of 
Type I »oqulred a frKdoo cammoQ to Type HL There tvan a ttodcocy 
for the rilghi reacdora with aarimi Vn aod VOT ohemrd In recently imlared 
cultum. to daappear as the cultures aged. Although the piedpitiiico was 
lc» m all strain siudkth Type IT retained ns reactlnty mth anD^erutn VIIL 
An old ttnin of Type II prrapciated wnh Type FV anttscrtim. Both Types 
I and n retained th^ typMpeci6c polysaccharide antigen aixl their tmdy by 
prtapnitfon did not indicate the accptuitian of an antigenic cnenpoo- 
ent cmiJTKn to all erganums of the Fletner giotip — in other words, a group 
anogen. TT>e ranatfon condsred of a betor founa in another »y ^ «e. 

From the rime of their bolanoo the cnlrmcs of Type HI prese n ted a 
fiscror commaa ro Type Vli Judging fmn the prcopicatkin reaction, dm 
aodgenJe fracnon increased a the colnnrt grew old On ageing, the oiganbou 
of Type in predpsuted the andscruni for Type V Unfommairiy It has 
been itnpoaalble to holate badlU belonging to Type V in Puerto Fieo, coo- 
tequently this type vaa not studied in relatioe to the deer* of mbculroHog 


on its andgenk stroccore. 

A coraparison of the indgenic pattern of the oid rnnis of Type 
I in and of the srandird UN^toty strains of Types VII and VVTI. as 
rcTcaJed by the predcptaricai studies, made eridtnt the great simnarUy b 
the tndge^ mosaic of these three organisros (see Chart Sy In a Icog 
tencs of experiments whkh he has nos pobfidied as yet Boro (IWO) eon- 
eludes that Type X » an tncamplete rariant of Z tnd doc a aeparate race. 

Judging from the panern of both the mutated soam of Types III 
tnd rni and those of standard culrines of Tyfn VTT and \ VIT there 
f-rto, • great pcmibtDty that the X may be a mutant of the VZ snhgrcop 
(Type I in) rather than of Type Z {Tape ITT), as belin ed by Born It n 
sigmfiorat that the subgroup I m fV^ «ben fre^Wr holatcd ha a greater 
jmoum of the type , 110*01 of I thooth Kioo .fio Type HI Oltigei. .ppoo 
cd. hi old cBlmro. tWi Uttei vulgen piedoinlMta orer the unlycn oT 
Teoe I. Ai Boro (1938) nijseoed ■ tetemly .oinlrtd chooter cecuplei i 
pom)* or 1. lebdrely koiely modeled -nh the ta^l body 
cSeqoeoUT the .oriseolc f«toe of Type HI fa ro^p It^ . 
pSro rod peiroroeot choroto doo frotoe I fa "eroer^^ 

compoiUt b mote deeply «.ted fa. or mote fatlnutely Heoded dih. 

“e^r^to'of^oitlpb"" of Type IV O® Boyd) te»d to coofait. 
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Chart 5 


Standard cultures 


Old cultures 


Antisera 


M ,.r 


M > ^ *-l ♦-« 

M t-< > > > > 


S > e P P 


lype vn 
Typo v-vn ^ 


m\ 


Type l-III 

■' 'J' 

14n5B&3i 

10435A?fe 

iosisaH 

8674C^ 

9516B 


Type III 
M948 6 
H L F Vt 
M9864 
M9493 


I -'f-vv'i 




li^ 


Antlj 


> 

> 


e 5 


Type VIII 


Type IV 

10253A'O:>fji;^^ 


9601Ah^?'^S^B^ 
0 4 38B.-l»P'' '■'> /■'. S 


10 4 38B,-l»f 
or- 
71680,4 

9597D - b 

102600^*7 A* 

S-128AW 
9074A F 
S-703D‘ 7 



Boyd s observations Unquestionably, the antigenic structure of Type VIII (Y) 
and of old cultures of Type IV are almost identical (see Chart 5) Boit) 
expressed his behef that ‘ there is no reasonable doubt that Type 103 is the 
old Lentz Y, which was not mcluded in its ongmal form in the Andrewes’ 
series Our observations have revealed that Type IV, after a vanable time 
m artificial culture, gives rise to variants that are antigenically different from 
recently isolated cultures of this type Using the agglutination method with 
is typing sera. Dr Weil (personal communication) obsened that fourteen 
strams of this type of vanous periods of isolation, submitted by us, gave 
numerous cross reacuons mth anusera I to Vm Usmg precipitin tests with 
anugens prepared by an acid extraction. Draper (1944) also observed similar 
CToss reactions betiieen the Flexner Type Y and the Flexmer Type IV (103 
Boyd) ^ 



foitwd by andjeni. of a ruodard type culmm of Vll 
and ym and of raimitod tarianu of Type, im aod IV in aU andaera »u 
not the ttmc quanataordy protiMy iodlcaiinf that there b do linrfc group 
anngen cwnmoo to all typ« bat a combmadon of andgciuc compoa- 
CQtt. ai mggcMcd by the recent worl. of WnmxJt (IW4). Boro in hit papa 
5™®P anrigen b more complex m imicnire than ww originally 
wppoaed by him, and that It contama Kreral compocicnta. 

The cfatrifica tkm of retmdy oolated ctiltum of Sh poTMlitentatte by 
the predpftadoD method cm be perfonned rnthout great difficohy doee 
the cnhora at thb stage have not andcrgocc alteraoco m their andgoik 
confignrtdcTO and lypeipecific antigem pTcdamhuue. Hoae^er after they 
hare been lobjccred to amBcial culnmioQ. the andgenlc pictu r e b comph- 
cated by the appearance of other com po oenta cornmln to typet other than 
the colttired one under dimfraaon, therefore the detcrmlniDon of type 
prtaenta a more compticared tituanoo Bciide. proriding an caiy method of 
determining the type iped6c antigen ht recently belated ttramt, the pieclpfta- 
tion rcacdcjo prtscnti a my objeane mcam of detectmg the aectjadaiy conv 
pooents that may ha e arr^en In mutated (train*. Go far the anngcnlc pattern 
of the differem matated nralni ai rrreakd by the pctopitaDoo rc»cnoo arc 
dt ffi f fen t tfDoop race, and dutiaerbrie of the rroe Comeqoendy by pre* 
dpltarwn reactiao a picture can be obtamed vhkh pomap the andgenk 
irdiltec n ire of the m a t a te d orgiturnu to that the ciawfitaoem of the (cmn 
may be definitely ertabUshed. 

FhuHy It u fuggewed that any •cbema fee the da^dficatwo of the genia 
Shtftlld ihauki be tnnle from (rodte* of recently rrelated (train*. Artetnpti 
at cla«rificatiotu hared on the tndgenk analyri of cuhure* that have been 
under ardfiml cnldmrKFti for a long ntne mar hare it pirfaD*. »id« mutated 
(trahw may be mlmkei for rTpe-«ped6c repirrentaihr rDlmm A nated 
abort. B<m) heUe^ed that Axvmiyrts umI lot*.'* nem had the old Lentr 
m iti odprul form when ther m^le ihrtr ria»riral rehema 


StnouBT 

1 The preapoatKin reaction affordi a rimple and ntufactory method 
for (tudymg cibtmg raiiidoiti In ocganbmj of die Sh. pauIysaiUrut grtmp- 
2. The ciiminadon by the preaphanoo reaction of oW (tiaini of 
Type I in. which have uudergooc iDOTadon. indicate that they are nmOar 
to Ac ftandard Ubwatory Type VH (X). The naudard Uboratoir culrarw 
(rf Type VU and the rrpe wi«h dual ant^ V^^I propored bj \\m.ei sL 
girc identical predpcaotn rttcncci. r t rv 

3 Analyw of Type Vm (T) and old mutated culmrrt of Type IV 

reveal Aem to be rfmilar , . , 

4 Eodcncc which teotb to coofitm Boro, obrerrarionj of mutaoco in 
the FViner groep ha» been prerented. 
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SPRUE AND COELIAC DISEASE IN TROPICAL AFRICA 

by 

MICHAEL GELFAND,* 

Government Medical Officer, Native Hospital, Salisbury 


Tropical sprue is seen mosdy in the Far East and affects the European , 
but it is also met widi frequently in the West Indies, especially in Porto Rico 
It IS frequently said, that dark-sknmed races are rarely affected However, 
Ramanujayya (1930) afltons that m Southern India sprue is common among 
Indians Similarly, Malcomson and Murphy (1931) relate that m their 
expenence sprue m the Indian is an especially common disease Salah (1937) 
descnbes, from Egypt, what is probably regarded as the first case of sprue 
m an Egyptian Non-tropical sprue or idiopathic steatorrhoea is occasionally 
seen m Europe and many of die patients with the disease give a previous 
history of coeliac disease, in childhood 

As mentioned above, it is generally held that the dark-skinned races 
rarely show this condition Some go as far as to say that it is never seen in 
the Bantu or Negro I, personally, have never encountered a case of sprue 
m an adult Afncan, but , there have occasionally been reports of sprue in 
the adult Afncan from East and South Afnca For instance, Luckhoff (1943) 
found sprue in natives of the Orange Free State In view of this, perhaps, 
the assumption of rarity of sprue in the Afncan may have to be revised 

Cases 

I have recently seen a case, which closely resembled coeliac disease in a native mfant, 
about 5, m whom the features were typical It was in a female who was under- 
sized, the abdomen was protuberant and the liver dimimshed in size, as detemuned by 
percussion There was the typical wasted appearance of the buttocks, and the stools 
rontained 44 per cent fat, which was spht in the normal manner The stools were loose, 
frequented pale No giardial cysts or amoebic parasites were present The child was 
anaemic (hypochromic in type) and, on X-ray, the bones were rarefied Mentally she was 
^ high protein low fat diet, together with yeast, liver, iron and vitamms, the 
child made a sloiv but excellent recovery 

A thanks are due to Dr B P Berney for his criticisms on this paper, and to Dr 

A P Martin, O B E , for his kind permission to publish this paper 



trmit A'ot cocutc di bask 

In ihli cue. the gencnl ptetnre and the neatonlioca were mj u/xa- 
tlTc of coeliac di*a»e that b, a daeaie whh a fyndrome nmilar to ih« ol 
•pTue. or ai Tmiarx (1929) caHi k. the codlac wffmkm. 

I hare alw cDcoQnrrmJ a tttj ryfaail aue of codiac dlK«c fai a Einopean 
male child ajed 2 yean 7 mooth*. 

. . H to 8«firiici7 «nd eqjored envllest b«lrii tmtfl bm bt^ta to hart 

otoiw^ whkn ctHtitiued for 9 meettbo pnor to wlmhiliai to bottjtaL Tba 
oboored that tba ctmti weio li^t dcy-cotaaml. bul^ ■»! frothy Ttn efaflclloat 
cmalJ^W Knount ot wriffat ^Vbeft wa kt iMfdtal the aooh wtn tuAr p«Je nd 
iMd Cml odour t they ambwl for fot whh ih* foOownt nnda i— 


Nratnl (£^ napfit) £tt 
Pro* fatty odd* 

Fatty od^ cmbfcwd m aoapa 




L4^ fit 

TbaJ fit — 


50-9 


PmcntiB* of total £it which w** cpCt. SS p o u n ijjf Lm»y,W t H 
No paiwftra wen deteoe d ki cb* •cooti oa mkioacofanl 

Than wn motWtati d«(n« of mi wnh, A blood cooot dwwed the foSow^tc 

Tool RJI Ca 3;ZOO 000 pei cjnm 

H wmo efa ba » 63 per ctnt. (NrweeawH 

Cofocer ndcc » ~ CHW 

Toad WACf 1X7D0 per uso. 

Ke mi i ^jhi a > » ^51 per eaze. 

Lympaxym » 93 

hiaBwrta B 

Eodnyhan I 

Tlw ■btF'trwn —y -Ih^^l ^ hrpfirfi diiBnM« w« The battoda 

woe wtttad (n a The chSa iH yadito wm Irrhtbfo, but hJt maataLty 

cad atot. Afl abowed tba defkfoncy panem of th* mboO h tt n m * Ha 
toBtoa w«* not aSined. Tba botw wen nrcAad. 

liw atodi cbeir »wttmI dwp* ttt* rvl hi rm>rnt afiw aboiR S mnrttha. 

Howenr^at tfaa peaaant tfcoa of wrfttaf then baa been ali*ht rrfapaa whh aotna fow of 
weifbt, nd dlanhoea. 

My own Im p rea ti oo of theae two caaea of cochac ihaeaac waa that they 
were TT}nd.T in type than the diacaae ta aeen in Europe- The mine would 
ipply to the tduh ctaea of apeoe which will he doenbed now 

In Afrio. for aotne unknown reiaoo. it b laid that iproe fa rare imoopt 
the European popolaocn. Many cifn i ri a n a are itttl under the imprearioo 
that thfa CT^tfeo fa not Ktn m the European in tropical Africa. Maxatw Buta 
(1945) aatea that the Coarinent of Afnca — eipedally the tropiol rejioo— 
baa afforded rery few imbenoc caaea. It fa moreOTcr to thfa authority 
(1928) that we owe the ar« deacnptK* of a ore of iprue in a Enropcan 

to Nonh AMc .pnic. mmlj ■” mM form Mo. 
toe ttoAi of dT«BlnT " <1“ ■>* ■l™r- 

has recently been dewjlbed (Howat IW). 
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Since 1941, I have encountered, in Rhodesia, three European cases, pre- 
senting symptoms suggesuve of sprue or a sprue-like disease, and similar to 
the case from Nyasaland, described hy Manson Bahr (1928) "^^ilst admittmg 
that these cases did not present the classical picture m every detail as seen 
m the Far East, yet, m most respects, the disease could only be that of a 
variety of idiopathic steatorrhoea From the description given of sprue, by 
Manson Bahr (1943), I should refer to these cases as incomplete sprue In 
none of the three cases were tongue lesions noticed, although m one case the 
patient did experience a discomfort in the back of his tongue and throat 
The absence of tongue changes in the three cases is similar to that found 
m the case described by Manson-Bahr (1928) m the European from Nyasa- 
land It IS mterestmg to note that in many cases of Indian sprue no tongue or 
buccal changes are seen 

Dysphagia was present to a shght degree in only one patient, who com- 
plamed of shght difficulty m swallowmg associated with rawness of the throat 
In all three cases, diarrhoea was the main symptom — the stools being 
frequent, pasty m appearance and foulsmellmg Their fat content in each 
case was much elevated They all contamed over 40 per cent fat, which was 
chiefly spht However, I did not see the typical gaseous or frothy stools so 
charactenstic of classical sprue 

In all, the appetite was very poor, and dyspepsia was common to all the 
cases The fractional test meal showed little of note, as m all the hydrochlonc 
acid content was within normal limits Abdominal distension is said to be 
marked m typical sprue, hut m these ^cases, there was nothmg abnormal to 
he seen in the external appearance of the abdomen 

Wasting was a common and striking feature In fact, m each of them, 
the diagnosis on admission to hospital was that of mahgnant disease 

In none of the cases was the hver enlarged and m only one was I able 
to say that its dullness was diminished on percussion The blood sugar curve, 
m a typical case, is described as being flat Unfortunately, I was able to 
carry out this test in only one case The fasting blood sugar was 100 mg 
per cent and the highest maximum level reached was 130 mg per cent , as 
generally occurs m sprue The curve itself tended to be flat A low blood 
sugar curve — i e with a nse of 40 mg per cent or less — is very much more 
frequent m sprue than m normal people (Thatsen, 1929) 

The cholesterol content of the blood is described as bemg low (Morris 
and Manson-Bahr, 1926) Again I was only able to estimate it m one case, 
m ivhich It was 114 mg per cent — a figure well below normal In the same 
case the blood calcium estimation, however, was normal — 9 mg per cent The 
blood calcium need not necessarily be reduced in sprue, although it usually is 
Anaemia was present m all In one — a female — it was of the hypochromic 
vanety, but m the remaining two, it was macrocytic The leucocyte count 
revealed nothing of note m these cases 
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I. E 


The dcfidcDcy ptrtcni lyndropie u docribrd In ipnie tnd idiopathic 
•tatonhoea wt. demaumted radloiogloJIy in one a*c- It w« not 

^ ippeannea in tbe one aue were trpiciL 

t ajima waj gathered into amaH pocfccu and icgmentatioo wit prombent. 
The normal feathery or berringhooe apTKanmee erf the nnill btefdne »» 
ahaent. 

All three cbki occurred m people retident in the colocj for many year*. 
Two w ere women, aged 61 and 72, and ooe a nun, aged 57 Thh it charac 
seraoc of the ditcaae whtch urtally’ atockt middle-igcd or elderly people. 
In all there was a p«« hlttary of malaria, but in no»w wtt there erWence 
of aedre milam they acre probably cate* lolerant to the dheaae. Otherwiae 
there wat nothing of dgniScance in any of their pr er lom hhtonet. It it 
powible that maltru may hare been a p t cdbpoaing factor in the productkai 
of the diteaae (hlAxux-BAaa 1^3). Sprue b al*o taid to occur in aoociatko 
wrth am och b ri t or gtardbtb, but m none of my cate* wu either of tbete 
dlwiari found. It might well be that malaria orer a Icog period may hare 
been a percuraor to thn diacate. 

ren diarrhoea U deacribed In India, ocrniring at hdrfiti abore 6,000 feet 
and chai arTrna ed by dyipepna, pale. CitPthy and mtpnt ttoob and 
treatonhoea. but no anaemia. My caaea occorred at bdgha jtm below SfiOO 
feet, but the obrwnt and aerere anaemia pieaeru m tbeae caaca eariadtd thb 
dlagnoab. All three ci««i when put on a epme <fitt made exceOest retmefie* 
and. at far at I am aware, hare not relapwd alnce. 

Theae caact are recorded with die ptupoae of draa^mg amnnoe to the 
o c ta n fen ce m troptcal Africa, of a itcatorrhoea which bean the feamrea of 
ipiTie In an atypical form the prognora being good, cnce the cooditbn fa 
l ecogm^ and the patient corre^y treated. It fa po^^iiblc dm many more 
Euch c*wa are prrwnt, but. perhapa iwt tecogmacd becaw of their tDcged 
rarity 

The hfatorlei and examirutrom hi the three caaea are grren in a mm- 
maiieed form. More cxhaimiTe hiTeatigatkm waa not potilble. 


Cue 1 1 Maa. Mtc. 

A«Ed65. Sl*h«Jbe«irafor7 7«Ta. She fina pe^ ^ 

was lE^int to the cotoor h»rtof ewne » ^ 

wtnmly from Great Brbafa- She waa Eitod«aJ w a* eaw tJ te^imntnej 

Hww-Uae«pd.«al 

- • The fat WttJrfa* ~ tw «*«. 


Neomiff 

Fr*e£EttT»cW» 

Fatty aefch ccrobtoed m wep* 


15 Spirt fat 


T«»l fat - 40S 
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Citt 3t M«. B 

Earw to EarfmA S0 H Ihed fiir twar ^ rw 

^ rw^ ii» d£f axnpbdot* hrfn, diirrt»4. dcbifitr 
Hh «ooW wm loom balky p*ie .td try 

^ H*UdVe«t«rfT3o£riei»d»trt. H dM 

<rf p«to to t A toac^ to b« awittd w tt tm dbe<*Bf«t x rt. 
^ dyiplMck. Frwn 1910 b* h«l rccurmu etpda 

« galM ti. N prtTtoui htway of <iTKnMTy H tooW wry ptto ee *d(akt«n to 
ocopitii, aod aa ■ppearwice wm ■jf pf Ain * cf mjBgajot di*eM 


IHi Mood pidur* wm — 

TotWELB-C* 

H«ain(lofato 
Cotoor index 
Tot.IW.aCj 
Nfo mnAtta 
J-zTwphMytn 
MoCLocytt. 

Koemopfeae* 

Hk ttooU fXT« tbe foik}* btf findtof. for fti nUyab 


I 300,000 per «- mm 
W p«T tmt. 
1-00 

l,ft3rt prr cjnra, 
04 p«r out. 


N«tttr.l leipOt) (at .. 

Frw fatty acili 

Faoj aodi combtaad a* aoapi 


jjtfi Spbtto 


PvTCcatafi «f tDtil Cat vtkh ««» apQt. 9t S pmeobqte 74 


\'4«) ^ Ivp bo» 1 «en aoraak ScaaB tertata^ t d«£o«sey 

pctcfn ayoi tf aaw (^aeoh Uood to an»b Stood c^otoMnl •■ 110 tat par ant 

Tba Mca^ eurtr cum abo««d poor abaotyntoa of ttoeoaa. Tbe foAotBif »m tb« 
flaom 100 mi par osct. (fj.) 1S> par eaa. (1 bour>. 120 en* par oot. (2 towriX 
l04 ml. par cesi. (3 bounX Sued* — no patboftoie cym fcamd 

The padcDt nti pot oa i £>i Iirr hljfa projcm diet Li er bjr moaih 
nu gitcB— i Ib dxily nghtly emked. Hr made ■ knr but rcmaikiblc 
recOTfry 

His stooh beexme ku frequent (md after 2i month in ho»pltaJ be 
paj mg c« normal motion a day The fai content of the tools had returned 
ro normal ai>d Im bltxxl count reached a norraal Irrtl 


KwAWtonioa (b.rutrax PnojcaA) 

FmaDy a fca iroid nhh reference to ktnohtorkor would not appear t 
roe ro be oat of place when dealinff with eliber rpntc or codne diaca^e. Thl 
ducaac U aeco througbout most of Iropscal and •ab^^T)pical Africa, and fa 
chiefly a diacsK of duJdren beraeen U to about 4 yeara I hare oertT seen 
anything m the adoh to reaembk this dlwa%s either In Its onset or coctrse. 

Rfcrntlr I ha c cocoe to think that these case* were probably not primarily 
fhetctic m ongin for the folio inp reason — 
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1 That m all my cases, the history after careful enquiry, was of a 
sudden and abrupt onset— m a senes of eight consecutive cases it was usually 
between 2 to 4 t\eeks only (See Table p 1 16) It came on suddenly m a child that 
was perfectly well before, the chief and striking sign being diarrhoea 

2 That the mothers all appeared weH-covercd and they, themselves, 
showed np signs of deficiency disease Also jhe other chil4ren, if present 
with the mothers, were perfctly fit , if absent, the mother invariably mam- 
tamed that they were perfectly fit 

3 That the diets m most of the children were not obtiously so abnormal 
as to lead to such a serious disease After careful enquiry most of the children 
had been given milk, some meat, and vegetables in addition to maize 

4 That if kwashiorkor was a nutnuonal disorder the prognosis should 
not be so fatal and that some of the infants should recover, especially when 
seen early, as some of my cases were 

I have rarely had a case recover m spite of administering very good 
and well-balanced diets 

My cases were typical in all respects, namely, the skm lesions on the legs, 
buttocks, perineum, genitaha, and forearms were of crazy pavement type , 
there was the oedema of the legs (less often of the arms) and face, the wasting, 
the unhealthy depigmented hairs, the diarrhoea and, at autopsy, the yellow 
fatty liver 

What the cause of infantile pellagra is I do not know' I do not believe it 
to be dietetic Beheving that the cause may be a jejunal dysfunction, I did 
a fat analysis on a small senes of cases Gillan (1934) refers to the sprue- 
like stools m kwashiorkor, these being often bulky, pale and fatty In one 
of my cases there was a steatorrhoea of the sprue type, but in another it was 
shghtly raised with poor splitting power, suggestive of either a pancreatic or 
hepatic dysfunction In the third there was a normal fat response in the 
stools These results did not support my original supposition that kwashiorkor 
was an acute sprue-like disease My own belief is that the liver is primarily 
at fault and that the diarrhoea, skin changes, etc , are secondary manifestations 

I have now encountered three nati\e infant cases, who were admitted 
to hospital with acute diarrhoea of 2 to 4 w'eeks duration, with shght oedema 
m one but not in the other two , and at autopsy m each case the typical 
yellow fatty liver was found No skm lesions were seen Skin lesions are, 
therefore, it seems, not always present m kwashiorkor However, the fatty 
liver IS apparently an essential feature m all cases 
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nwa AKD cozutc dulue 


SlTMUAJtT 

1 Two c»jo of coeUtc diteatc described, ooe In a Luropcin tod 
the other in an African diM. 

2. Throe caaea of (incomptat) ipiuc are docribed In adult Luropcin 

3. It li poaalble that iproe n a not Infrequent dt«ca<c In Africa 

4 It b •uggerted that kwaahioritor (Infantile pellafn) nuy r>ot he a 
nurridonal dborder ben may be doe priroarilj to actite IKer failure A 
neatorrboca may occur In kwaihloriuir 
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ITO 

the Tctefintrjr earjeon In chB^c- HI« m»p«»n w 4 » bxMd on the 

di^iyiidrome«rKlthotiatom«^ m ermptonB umJ p«tn»rtem 

retWM obeenrtd by him were 

"Fctct comprifhig an dented tempentnre (105 to lOTF), marted 
prortntiofi, anoreua, centtron of rummatjOD, accomjvuued by 
emactitMO and death. 

The amtotno-patholofEcal duDfta cDOmted of jaundieed moaxti 
memt^ea, cttmcctm and adipoae tianKa apjeen congeated and greatly 
enlarged Brer congested marfad mUT g entfrit of ty m ^i Vtaty- ^anAt 
InteatiDei congested and ibowing haemorrhagic patchea Lkbeyi a cm dy 
congested and hypertrophred the gaO-btadder ttrollen and datended with 
dart-green bHe. 

Btood-czncxn and anmn bom firer spleen, lymphatjc gimda, heart and 
kidneys uere aeni to the Veterinary Laboratory In BagUad for oi minjtLtn 
No paraaites were detected {a cneara from the pe^benl blood. Very maoeroos 
achaonts (Koch ■ bhie bodies), either free, or included m monODuclear ceUa, 
were seen m rmean taken from lymphatic gianda and other organs espedaBy 
hver and spleen (Fig. 1). The blood pictore ibowed the oanal anaemic 
changes concomitant arith theQenasIs. 

The condition was therefore daigaoaed by us as thdknaau in ihctp 

Judging try the patbogenlcrty of the outbreak and the uanber of aiumali 
that tuccumbed to the mfeetMO (ettimated at orer 2D per cent.) as weO as the 
presence of rery muBcroos pkenosphens m stnean from lyisphatio glands 
and hacmatopoikK organs, ire are M to beBere that the parante csttsatin 
of the disease In question (s TluSmm ktfd (Dscbcmkoiraky and Urodscherkh, 
1924). 

That the pathogenic agent is T Afro and not T onj is dearly sbown 
by WeKton (1926) and J G<*D<r« Thosoo^ and G Ncwiuk Hail (1933) 

Apart from ^ econondc unpoitanct cf this disease lu geognphtcai 
distributioQ ™ke« it worthy of recosd inasmuch » similar conditions, to cair 
knowledge, hare only been r epo r ted In Sadanese and Egyptian ibecp by lUserr 
(1932) and in Algerian sheep by LtiTOQUiaD (1928), It u of Interest to note, 
furthenDore, that although the majority of outbreaks occor during the hot 
months cases hare also appeared daring autumn or spring, as has been ocr 
expenence. 

It is rekvant to mention here something iboot the spedei of ptams 
bdoofing to the Sfweao group found in Iraq Two speao hart so far been 
identified, cia, Sntaa coromoptfe&a and .S rrraafii. There are undoubtedly 
other tpedes that are not identified as jret. It is therefore, not possible to 
determine to what extent these plant! are responsible for esususg deaths in 
.nrTTvta cspecwHy as no expenments hare be« earned out to establish the 
toxicologieaj of other effects of these plants. That there are toxic ipeoet 
in Iraq U endent from the Tanous tiroes Ttttrinary surgeons In charge of 
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Tig 1 — TItetleria him Koch’s blue body m smear of liver 
Fig 2 — Babesia vioiast in penpheral blood 
Fig 3 Thetleria litrct — Koch’s blue bodies in penpheral blood 

Fig 4 — Anaplasma ovis m penpheral blood 
Fig 5 — Trypanosoma mclophagium ?) — m penpheral blood 
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tsMuxint Trtmniry •urston In di«tt HI* tniptooo wts b*«d «i the 

cUmtal*yndroiM CLdth«tn2tom«l<^ The «Ttnp«omi tnd p«tn»n«i 

lenon* ob*crvtd by hhn were 

^Fever compming n demcd t eapem ure (105 to lOTF) mjxked 
proKntion, mnoreo*^ cemtlon of nimm*tlon, •ccocii^ed by tn»emli, ictcrut, 
mucktion cnj death. 

“The tii*ton».p»tbok>ticil cbu^ei cociuted of jaundiced rnucou* 
membfiac*, coanectm ind adipoM tj«M» ipken congested tnd greatly 
enlatfcd brer congested maiixd enjujtmcnt of lymphatic flaod* 
intestine* congested and ibnnng bsemonrhsgic pjtrtw bdneyi •crcrely 
congcfted and hypertrophied the giQ-bbdder twoUest snd dhtended whh 
d*ri-green bile. 

Blood-ametri and tmean from Gref spleen, lymphatx gland*, Eicart 
kidney* were sent to the Vetenoary Laboratory m B^hlad foe exanunatwn. 
Tso pttrashei were detected tnameanfrom the pe^pbenl blood. \ ery nnmeroiu 
*chizonis (Ko^ s bhie bodies), enber free, or u^nded in mononoclesr ceSa, 
were seen m smean taken from lymphatic gland* and other organ*, e*peci*Uy 
liTcr and tpken (Fig I). The blood pitfore ihoired the imnl antenue 
changea coaconutant with theilenasta. 

The coTidihon wa* therefore dogooacd by u* as theflertoi* m »heep 

Judgmg by the patbogemchy of the eotbreak and the mimbef of aouml* 
that neoambed to the tsfeedoo (esthiMted at ores 20 per cent.), a* well ta tbe 
presfoce of very mttoeroo* pbaenoapbens In amrsrs from IfinphJbe glanda 
cod haeiBatopoietK organa, we are led to beCere that the pan^ csoMtrre 
of tbe disetse in qoeation U TleiZma fam (Dacbunkowiky and Urodacheneh, 

192-4X 

That the pithogemc agent is T Ura and not T ora i* ckarty shown 
by WntTCCT (1939) and J GanoaN THosttav and G Notau-t Hall (1903), 

Apart fr^ the economic nnportance ed Um disease, its geographical 
dtftrilmtion make* h worthy of re co rd inaanmeh •* inmlar conditions, to onr 
knowledge here only been reported In Sudanese and Egyptian aheep by Muox 
(1932) and In AlgerUn sheep by LuroQtuuin (1926), It is of interest to note, 
furthermore, thit akhoogh the majority of ontbreaks ocenr dunog tbe hot 
months cases hare also appeared during autumn or spring, as has been our 
experience. 

It is relevant to mention here something sboot the fpeaes of plants 
belonging to the Sntao group found in Iraq Two tpeaes hart so far been 
identibed, eis., S«ecw nrom^feSia snd S rrraefax, Tbert art undoubtedly 
other specKs that arc not identified as yet. It i* therefore, not possible to 
detenmne to what extent these plant* are re*poitiibIe for caimng death* In 
■i-irTTxl* especuDy a* no erpenments hart be« earned out to estahCih tbe 
toxicological or other effeet* of lbe*« plant*. That there are toxic 
m Iraq i* endenl from tbe ranou* time* retennary surgeons m charge of 




Fig 1 — Theilerta him Koch’s blue body m smear of Irver 
Fig 2 — Babesia viotast in peripheral blood 
Fig 3 Theilerta him — Koch’s blue boches m peripheral blood 
Fig 4 — Anaplasma ovis in penpheral blood 
Fig 5 — Trypanosoma sp (T melophagium ?) — m penpheral blood 
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fux^fcon* m charge of these two dittnets that u many ca 60 pef cent, of the 
affected taunaia aoccumbed to the lofectioa. 

Micrwcopac»l emninat»n of blood ametrs and smears from haenmo' 
poietrc organa of infected abeep dead and aJive, prored that the causathc 
factor of the outbreak In the ^foni] district was Btitat (Flj 2), 

wheicas sheep In the Eibil district were auffenng from a double-infection doe 
to B s lmt i * at^Um and thedenaats, aa waa endent from the presence of ptsaim 
bodies (schlzonta) m the orcolating blood and in smears from Interna] orgim 
ut tdditjen to the parasites (Fig. 3). 

Various workers haTC thos far iaOed to see the schixonta of T hra (T 
ecu DC Torr 1918) in the penpheral blood, ahhough it waa believed « pmn 
that theyr did exist, cipectaUy m grate cases, judgutg by the nrolewt of the 
blood. The authors hare, howerer been able to demonstrate definitely the 
presence of these schisonu m the penpheral blood for the first time. 

Sick ammali in both arcu recetted 5 ex, 10 c.c. and IS c.c, of a 1 per cent, 
solution of trypan bh>e mtnrotoasly The injectioo was repeated m some 
cases on the 3rd day Anunsis m the Mosul District (where babesiosis only 
sraa ercountered) responded readily to treatment, but no unprorement was 
discerned In the £rlni cases this cnay otmomly be attributed to the double 
infection hence we are of opimon that the orgomam under dncuasloci ts the 
pathogenic T hm Bes des the ebemothenpeutK agent employed, tniatah 
were grren m both iosctnees magoearum aolphate and sodium chk^e is tbeir 
fodder wbleh consisted of easily digestible food. 

3 Donng the second fortmgbt of June, IBM an outbreak occurred 
amongit sheep in Salaimsaiysh. Judging by the lytnptocia and poctmorteni 
lesions, wideb are cited hereiHidet the vetmnary tsrgeort auapecttd piJo* 
pUsmosis. 

PyraxM (I(t5* to 107* FXsaoraia. cassiicn of naroDMtkm p ic ur sa wn 
— wt ^Ubikty tbs tgnfcfaf c rti u ari y es e fas etk dis trsiciw raembnoes 

arm ray psQU tod (hs coujuactiTse s n s fini c sod itwrac pserrhsw, Then wsi nssil 
Hmr t i ai j* rJ a miieEn»irulent osture ut s«n» of d» «ofcmh tfr ciaiahai t Sick «wsh 
k*pt ali^ tod itf down throofh pcostrstka laufl death wjpsmnsd, and u fcread m nswa 
they «baa«d tastkad atsxk. 


A postmoftem waa conducted by the Tetennary surgeon in charge on one 
case ot^ and the lesiont noticed were 

ptlEdrty of ccuo e cth a and adipate thsoes, n enl»I=n«» ^ha ipUta and 

the latter beia* frisbte sod sbewai* fcteride fax Tha bdiwys wtra flibbr sod blanched. 

The rmma eoB rskiaif solid msM of uodit-ted food. Tbs rttkuhsm, ata sm sri 

abonwaum were eoofeeted. The weasooe* a»ra«»<l *«« ecchyriioi^ Tbe 

cailtT about fifteen onneea of fnsuab. jamiient dj»di«i« Ad wta^ 

between ^F«rwtsl and riaceral l«reis of dw pleurs wvra seen, and t faa 
sewslsbaeeasetceetsWp®- Tbe tad etTocardicim wees 

studded with patefW, The booe- tasii ow lookad pale and was of aetotsyjU natnre 

Smears from penpheral blood were posrtiro for ecu Tb« 

blood picture indicated s et er e anietma, with snisocytosis, poilloqrtotd and 
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a comparatively large number of hypochroimc macrocytes The normoc 3 ites 
were indicative of ohgochromaerma The position of the parasites was mostly 
marginal, but some were sub-marginal and even central No punctate baso- 
phils were seen and normoblasts, macroblasts and microblasts were ml 
(Fig 4) 

A trypanosome {Trypanosoma ntelophagium}') was also seen m a smear 
from the peripheral blood of a sheep (Fig 5 ) 

4 Dunng the month of September, 1944, the advice of one of the Avnters 
ivas sought anent a disease which had killed five out of six sheep m the out- 
skirts of Baghdad The observations of the owner as regards symptoms were 
very vague, but anorexia, ataxia, ictenc mucous membranes, coffee-coloured 
urine and marked prostration were noted The sixth sheep was exanuned 
and piroplasmosis was suspected Blood smears were duly taken and micro- 
scopical examination showed a double-infection due to A ovts and B motast, 
the latter bemg very scarce Before treatment could be adopted the animal 
succumbed to the disease 

5 Samples of ticks were collected from sheep in the areas in which the 
outbreaks discussed above occurred, m order to identify them The specimens 
of ticks identified were — 

(a) Hyalomma dromedani, (Neumann, 1899) 

(i) Bhiptcephalus sangmnexis (Latreille, 1804) 

(c) Haemaphysalu ajinahanna punctata (Canestrmi and Fanzago, 1877) 

No experiments were earned out to establish the role these ticks play 
in the transmission and propagation of the Ptroplasma prevalent in Iraq, either 
in sheep or m other domesticated ammals, but that they have been accused 
and convicted of the transmission of diseases caused by this group of orgamsms 
in other parts of the world is evident from the hterature published on the 
subject 


Discussion 

1 Haematozoon parasites of sheep in Iraq received no serious attention 
previous to the pubhcation of this paper in spite of their scientific importance 
and pathogemc gravity which is evident from the serious losses frequently 
incurred 

The parasites encountered dunng the vanous outbreaks, and which are 
recorded for the first time in Iraq, are 

(d) Tlieilena htrci Dschunkowsky and Urodschevich 1924 

(6) Babesia motast Wenyon 1926 

(c) Anaplasma ovts Lestoquard 1924 

2 We have noticed that by far the most senous outbreaks of piroplasmosis 
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occur Ifl eaitoTi od rwnhcm laq. Thit miy be «tribut«J to the foDowicur 
ctuses — 

(a) Dunog the epring tod the hot month* iwwt of the ibeep in northeni 
»nd wottxn Iimq owing to m reiue bat, •otroty of partara, ihorttje of 
witcr etc mtgfite to the Syrftn atd the Northern Ar»bi*n de*ert» for fnain* 
parpo***, where they obrKnaly e*apc Tetmnary mperntjon. Tbi* orteiuJWy 
•bow* th*t the m/orm»tfon mOable, tf toy t* unrelUble end dobiooj u 
ftgtrd* outbmk* of duoM wbereu m cattem tnd northern Irtq, where 
the country ii companthrefy r»ch m paetora, ehepberds do not here to reeort 
to ntch tnessnm. It would be epproprute to mentjon here that sheep from 
neighbouring ctnmtrw mtgrUe to cuteni end northern Iraq in eescrch of 
pastura during the tpilng end the nmnoer end thie large conglonjeratroa of 
sheep aioag with the mild sod fanmnhle weather prorfdca tuitihle eoad»- 
Uott* for the muhlphcatkm of tsck* wfatcb irc responjble for the tnnsmisskn 
of piroplatiDoses 

(i) Sheep In eastern tnd northern Iraq are l aptocd to se rtre cold during 
the whiter with bsnily sny protection agihist the prerailtng geEd and biUng 
wintry wtiuL Thia obviomly lowers thar resistance, espcdaHy u the orer 
whelniing maj or f ty of flocb depend for thor nourishmat cm what nrturiJ 
fodder they can get wUdi a prtotnou* and practically nQ In winter farther 
acre, they are cubjeeted to i - arwua other psrstsue infemuooa stich ta parttitie 
ga s tri th, rennmouft broocbcpneusioma, etc 

3 Onoe theiknaait of petbofeede sdgmScanco has hitherto been recorded 
only from Egypt by Lirrutwoon (19I<) and from AJgtna by Lmootuio 
(1926) hence this dtsesse wis b^er^ to be limited to Meditemscan 
constna Bat now that h* cxisteoce sn Iraq ts Irrefutably establiahcd it b 
clear thst rts geographical dtftnbuUoa la not aa Bmhed *s hn been mppoaed. 
It ahmild be not^ bero that Iraq doa not Icoport sheep (or goats) from toy 
of the Meditemnesa countries, and shhongh the local sheep come In contact 
with those of neighbouring countrlc* the chsncct, if they eriit, are extremely 
remote that the Weetioa t# contracted from them. Thi* conclcahwi b based 
on the fact that the only onna TitHtna seen In any of our noghboorlng 
countries, whether trfnated on the Medncnanean Bsjm or ebewfaere b 
T cert Rodhain 1016 (— T rreamdzu Leatoquard 1923} wlueh ts oon- 
pathogensc fiv'ed'm g to LEtrooaaau and Lentws*D and Exant . q t 

A LmoQCjUtP claim* that the assocatioa of two or more infeetJOD* of 
piropksmoaia la only aeen expemnentsUy after the simultaneous jnoculatKm 
of aerersl of paiantea. He further aaya that such double or mnltiple 

tidectioci arc nerer acen in natural mfeetjona, and that ahoold the ccaganstjoa 
of bk»d recesi the euxtcnco of another haemitoiooo this should be eomidered 
o hanng slreidy been present m the animal tnd that the tnfecoon ws* rooaed 
during tLs course of the new attack. He abo ipeohed that this only occurs 
to^nrds the end of the scute att ack, 
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It IS not our intention to question this statement as no experimental work 
was done on this subject, but we nevertheless deem it useful to record our 
findings in this connection 

{a) In the month of May, 1944, an outbreak of piroplasmosis occurred 
amongst sheep in Mosul and dunng the same penod a similar outbreak occurred 
in Erbil The examination of smears from the blood and haematopoietic organs 
from sheep in Mosul proved that the disease was due to B motast, whereas 
similar smears from sheep in the Erbil distnct proved a double-infection due 
to B moiasi and T htrct Since both outbreaks occurred dunng the same 
penod, and because the two distncts are adjacent to each other, one is justified 
IP concluding that the initial attack in both outbreaks was due to B motast 
Should this be the case, how do we account for the presence of T htra (vnth 
Koch’s blue bodies) either in the peripheral blood or in smears from the internal 
organs concerned ? If, on the other hand, we were to assume that the mitial 
attack was due to T htra, basing this supposition on the fact that the ammals 
treated for B motast did not respond to treatment, to what are we to attnbute 
the presence of B motast in the penpheral blood in such large numbers ? The 
fact should not be overlooked that smears m both outbreaks were taken when 
the attack was very acute and in its early stages as evidenced by the havoc 
wrought amongst the affected flocks and the high rate of mortality 

(6) The other mcidence of a naturally occumng double-infection met with 
IS that of anaplasmosis and babesiosis as mentioned previously We would 
like to add in this connection that similar double-infections at the onset of acute 
attacks were also seen m Indo-Chma by Jacotot and Evanno, q v (1931) 

SUMMARY 

1 Certain haemospondia are very pathogenic to sheep in Iraq 

2 These are Thalena htra (Dschunkowsky and Urodschevich, 1924) , 
Babesia motast (Wenyon, 1926) , and Anaplasma ovis (Lestoquard, 1924) 
These are recorded for the first time m Iraq 

3 Instances of naturally occurring double-infections of the blood by these 
parasites have been met with 

4 Thalena htra is not necessarily confined to Mediterranean countries 
as has hitherto been presumed 

5 Schizonts (Koch’s blue bodies) of T htra have been demonstrated in 
the penpheral blood for the first time 

6 A trypanosome {T melophagtuml) has also been seen for the first time 
m Iraq in the penpheral blood of a sheep 

7 Samples of ticks collected from infected pastures have been identified 
zs Rhtptcephaltts sanguineus (Latreille, 1804) , Hyalomma dromedarn (Koch, 
1844) , and Haemaphysalts annabanna punctata {Cmesirim and Fanzago, 1877 
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SEROLOGICAL TESTS FOR SYPHILIS IN TREATED 
PLASMODIUM FALCIPARUM MALARIA 


BY 

M G NELSON, m d , m r c p , Squadron Leader, R A F V R 
RAF Institute of Pathology and Tropical Medicine, Halton 


It IS well known that malaria causes false positive results m the serological 
tests for syphilis in cases where syphilis and yaws can be definitely excluded 
and that the percentage of such positive results, recorded by different observers, 
shows great variation 

Lloyd and Mitra (1926) expressed the opmion that malaria did not cause false 
serological results if the technique used was satisfactoiw 

Kolmer (1929) also considered that malana had no effect on the Wassenmann reaction 
other than anti-complementary action which was common with sera from patients with 
acute febnle illnesses However, Gumming (1935), m an intensive mvestigation earned 
out by the U S Public Health Sen ice, submitted sera from non-syphditic malanal patients 
to four laboratones for Wassermann and Kahn tests Kolmer reported from his laboratory 
19 4 per cent positwes on the sera submitted to him 

The most important recent contribution to the subject has been made by Kitchin 
(1939), who made a systematic study of the Wassermann and Kahn tests before, durmg 
and after naturally mduced malana in twenty-five non-syphihtic subjects, and found that 

(1) Positive reactions were obtained in all cases where malana developed dime- 
ally In two cases the Kahn was negative and Wassermann positive, and m two 
others the reverse held 

(2) The majonty were positive 3 or 4 weeks following inoculation 

(3) In a few instances the first posinve test was found before, and in a few 
instances after, the penod of chmeal activity 

(4) The optimum time for the highest percentage of positives was the penod 
15 to 21 days from the last previous paroxysm 

(5) P viva\ infections tend to mduce a greater number of false positives than 
P falciparum infections 

(6) The serological tests were negative before and after the positive results, 
showing that the results were due to malana and not in any way due to syphilis 

(7) Two patients gave positive results in tests 4 or 5 days before the develop- 
ment of the clmical attack 

In a malarial hyperendemic area it is essential to have some facts regard- 
mg the frequency of false positive results in cases of treated malaria and how 
to distinguish such false positive results from specific reactions due to syphilis 
It IS obvious that, m such an area, the responsibility of the serologist m the 
interpretation of the results is increased He must avoid attachmg the stigma 
of the diagnosis of syphilis to a patient showing a false positive serological 
test for syphihs due to malaria and he must not miss a latent syphihs with a 
positive serological result obtamed durmg the course of an attack of chnical 
malaria This is particularly important with patients suffenng from non 
syphilitic venereal disease (gonorrhoea, soft sore and lymphogranuloma 
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inguinale) who al» hare malarU. TT^ U n« in uncanmnn cccunente « 
eif^re to the former mfcoKio impUa some rebTition of penoiul inti- 
milinil prectunoni la i nxsquito fafored ennroniBeiit. It b not uni«ial 
for cue* of gonorrhoc* md toft ton in malirioca ireaj to dereJop trtidu cl 
dinlal milan* wtBc under treatment for the Ttwteal dbei-t One ludi 
ci»e— in laite ganarrHocil urethniu treated mth tulpluthlirole— dcreloped 
triitrf* ttjii, I pojime Kihn rcacrioo- The quotJoo of i dUgnoeb of con- 
comhint or brent lyphlln w« irooRd but a* ill nib*siuent Wood tc«r lere 
neptire tht rtactwo >m thtTwn to be doe to the maliiial infectk® 

■IhiJ InreidptwD airned om at Ho^pJtaU Ttkorxdi CoW 

Ccatt. m 1943 oo Eofopean Semet perKumel whh acute PUortodiHm ftku 
p*Titm malaria and pcakire Wood »Hd<». All cma when diagnosed were put 
CTi rtwrine qtdnme and mepaenne dwnp 7 mhicb rootkiEd of qulnii* ptm^ 
10 u3 A foe 48 boon combined wtih mepaenne 0 I grimme Ld ». foe a further 
7 dayt. The ooei mreidgated wwe as far at pottiWe, con'eniriie sdmi*fc*t 
without seJettioD and iH gradet of clinical terenrv acre Incloded Syphlt 
wai exdoded In all oset by doetDoentarT erWenct. hlnorr dmlcal »«inina- 
rfem and faflow-tip of the casea tbowing podti e serological icitt. 

Mrnjcms aj© RsauLTt. 

Blood wu witbdfian Mthm 24 hours of the finding of the malirial pan 
sites in the penpbetal blood and sguo oo the IChh day from the tnlriil 
poroxytm 

Tw sen were tested in parallel aguow the Ide MrimAe and Kahn 
antigens u tag statsdird tnetheds. 

Po'lrircly reacting sera were subjected to a Kahn TenScation tew by the 
diSenaitit] tetnperamre technique fKamc liMO). 

The reiulrt are gi en in the foQowmg tables — 
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Table III 

TESTS PERFORMED AT ONSET AND REPEATED ON IOTH DAY ON THE SAME PATIENT 
NUMBER OF PATIENTS EXAMINED 60 


(a) Positive 

(6) Doubtful 


Onset 

lOth day 



Onset ’ 

10th da> 

Ide 


2 

1 

Ide 


I 1 

0 

Meinicke 


3 

3 

Meinicke 


0 

I 

Kahn 


2 

3 

Kahn 


' ! 

1 


Table IV 

TOTAL TESTS CARRIES OUT IN MALARIA 200 



Ide 

Memicke 

Kahn 

Positive 

4 

8 

6 

Doubtful 

1 

1 

3 

% positive 

2 

4 

3 


DISCUSSION 

In treated P falciparum malana false positive results to the serological 
tests for syphilis using three flocculation techniques nere found in approxi- 
mately 3 per cent of the patients examined The results obtained by the three 
methods were, considermg their varying sensitivity, in satisfactorily close 
agreement (Ide 2 per cent , Meinicke 4 per cent , Kahn 3 per cent.) 

A comparable investigation was earned out m West Africa by Elmes and 
Findlai (1944) on a similar group of some eighty patients These authors found 
twenty-three false positive results with the Kahn test and four with the Ide 
In West Africa I found the! Ide test to be a very useful slide test tor syphibs 
with a fairly satisfactory correlation with the standard Kahn reaction The 
following table shows the results obtamed m West Afnca on 1,000 sera tested 
against the Ide, Kahn and Meinicke antigens in parallel 

In pnmary and treated syphilis the Meimcke reaction was the most sensi- 
tive test and the Ide the least In a few cases of secondary syphilis examined, 
the results were m entire agreement No nonspecific reactions with any of 
the three antigens were obtained on testing the sera from cares of gonorrhoeal 
and non specific urethritis, " soft sore,” lymphogranuloma inguinale, etc 

Discrepant results however were obtained on examining the sera from a 
group of 200 healthy adult Africans for evidence of latent yaws or syphilis 


I 
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Some of tbcie *cn giTc weal, rocnacu and a ninnbcr (homed no reacooQ 
with ihc ide antigen hut aeaU^ llomibtrd the J^ahn or Alcfnlckc antlgem 
err both. In thh group the pefcentage of ponthe rtndti »lth the thitt anHgcm 
wai at foQowi — 

Ide 28 per eeot. ptxidte Kahn 37 per ctoL pcaamr MemicVr 485 per 
cent, poun e. 

ITjc moat actmti e floccuUdon ten under nop ^a l cemdinom appear* to 
be tbe hfeliucie and thtt aenaiantT la ooa apparendj aa*ociated *ntb anj In** 
of ipedEdry Yet eren ualog tma raj aeatHtlre antigeo oofy 4 per crar 
podtlrc retuin wert otralned tnth aeta from ci*ea of tfisfed P f^ptram 
nularuu 

Falae ponote rettilti were obtained in theae of tmted maUrh during 
the fine 14 dapa. One ca*e wu doubtful when tested within 24 houn of the 
dimcal enact and wai negadre at 10 daps and in anotber ca*e the mene 
held Tbe acra were oegadre In tbe caaea prr«ooaIlT followed up. 1 month 
after dftchajge i e about 40 dipa from tbe 6r*T paroxTtm. In untreated 
raalarti Knartx (1939) found that the higbeu percMUge of fal*c podnre* 
waa obtained l i ccw T e u the J5ch and 21«t dap» and the reaulf remained podmr 
up to 2 month* It would appear that tbe rewilr* ohtatned fn treated and 
untreated ca^ (how a cotmdenble rariatiewt. 

Adequate control of the malaria with efficteni treatment ha a marited 
effect on the fal*e poudre re»ulta ht malana. Untreated ca«e* all derelop 
poriritc rwult* (Knotne 19391 Podriw raolta found ea Ir In tbe dhea*e 
aomerintea (how (eniogical rereraal donng the fim 10 days f rreatmem 
fDtwara 1943) while no aponaneow irrenal occur doting the carit *npe* 
in untreated ca»e* the opt lm T in i rime for ohnjslng fal*e porinre re*uli I 
later In untreated than in treated malana and the ieTopoMii tr pem n Inoger 
In untreated ca«e». 

There arc, at prrwmt in me two nKtbod* of d«tnngut«hlaf fahe podn e 
re*nlu doe to malaria from true iTphlHttc teacTKO*i-WJloglcal follow^jp and 
erificarion rem. 

Malarial fal*c porinret do not pemat loop after the penod of cTnlcal 
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M G Serological 

A cases and 2 months malarial treat 

tv— 1 mondt m discharge froo^ performed 

actvvity months after diacnosis ^pthod tvere pe Cp 

{ollow-np f°^ a different! , a^jenual heat the non-sp 

““'iS.n ““tat *e a*' aSb«“’’ 

It”:, sanstaconv >» , tat. 


ns; venficanon u-J ri-faac;, 

„„ ptmvd, "“XXtnalana Xt'otS^loto >» »“ ” 

nature of the rea m t t is a better veriffca- 

ine out this tes notentiation test positively 

venfication test ^ves eqmvocal their non- 

X, ts considered ,,en this method ^Xtvays con^ 

tiontestforsyphihs.y X ^its ^ ^le inevitable con 1 ^^^^ns m 

":acting --j^^Sn't^erefore to 

-V in the cases hemg 

CX.=-” IL.-..--3 “-n-i- 

«on there are ^ ^^le picture 

appreciated, tend to Se of imp 

Tq,e following have „ of mfectmg f ^tas.le s,,ctparuvi 

Ml The strum of mj than I 
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nipprmltc thenpy Thli h» rwt been my experience and h wouH appear 
that poflrire reaulti obtained In aalHdlnial (or diroiuc) malaria ibcrald be 
TWwcd with impldon. 

(3) AntxTTutUru^i therapy 

Falae poctne KTotoglcal tttti doe to malana are affected by amlmalirial 
trettro eo L 

(a) The nomber of £al*e poaldre loulti oboined are loner In treated 
than untreated catea- 

(b) Falae poalrire reaidti are obzamed mew fr e qaat tly la the fim 
2 weeka In treated and dating the 3rd we tlt In untreated malana. 

(c) The penod of port-cllakil aeropt alu T i ty Is icd o ml by treannen L 

(4) The serolo^cal teas for lypJuhj used. 

The renJa olaained on the tame aera ahow great rariadon with the sem. 
logical ten employed (Bckxltt Mati and taxaAXT 1940) eren when allowance 
for mdHdual Tariarioo hi ouerpretation b exdnded. On the whole the 
Waasermann b more aenuare to fabe pownre sera In P feiaparvin malana 
and the Kahn m P trace. 


SOhtMAM 

1 Serological tens for typhQb hare been carried out oe 200 padeota 
under treatment for Plc w odi tm i faietparam malana. 

1 Tliree Socculadoo rears were employed In panOd — Ide Kahn and 
Memkke— arsd the £al^ podore reaulu obtained were approxitnuely 3 
per cenL 

3, Methods for dht lo gu ah lng soch false peairim fnwn spedBc sypfcllhlc 
reactions are dbcnrwd. 

4- Ftaoia, apart from lyphlfif w»d yaw*, whkh affca the remits are 
mcnLiODcd. 


CONCUJ3TONS 

In treated PUmod tm fafriparwm malana fewer Calv positfrc remits in 
the sercdogical lews for syphlTo are obtained than in untreated malaria. 
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Technique 

CaUbration of Instrument 

A stock standard solution containing 100 mg miracil hydrochloride in 
1 htre 0 1 N HCl is prepared This is stable for at least 3 months, if kept m 
the dark Two ml of this solution are diluted to 50 ml with distdled water 
Each 0 5 ml of this dilute solution, when added to 5 ml of fresh oxalated 
blood, produces a miracil content eqivalent to 40 ^g / 100 ml A series of 5 ml 
blood samples can, therefore, easily be prepared contaimng total amounts of 
miracil hydrochloride equivalent to concentrations of 40, 80, 120, 160 and 
200 ug /lOO ml respectively 



Fig 1 — ^Results of dye- 
laking procedure using 
samples of blood contammg 
known concentrations of 
drug 

Spekker absorptiometer, Il- 
ford spectrum red filter 



Fig 2 — Relation of inten- 
sity of yellow colour of 
miracil solutions to the con- 
centration of HCl present 
Spekker absorptiometer, mer- 
cury light, Ilford spectrum 
violet filter 



Fig 3 — Yellow colour 
method for miracil Results 
obtamed from samples of 
blood contammg known con- 
centrations of miracil 
Spekker absorptiometer, mer- 
cury light, Ilford spectrum 
vinlet filter 


Each sample is haeraolyzed with 10 ml distilled water, and then made 
alkaline with 2 5 ml n NaOH solution It is best to carry out the whole of 
this procedure, from the preparation of the 5 ml blood sample onwards, m a 
500 ml separatmg funnel The clear brown solution thus formed is treated 
tvith 0 1 ml caprylic alcohol, and thoroughly extracted by shaking with 25 ml 
of ether It is essential to shake the separating funnel at least 200 times 
The emulsion thus formed is as a rule easily broken by the addition of 2 ml 
of acetone and is allowed to stand for at least 4 hour until the two layers 
are well defined If the emulsion proves espeaally obstinate, a few drops of 
absolute alcohol may be added as a further aid to inducing adequate separa- 
tion After the lower layer has been run off, the ether layer is collected and 
set aside in a stoppered bottle while the lower layer is returned to the funnel 
and again extracted with a further 25 ml ether Separation at this stage 






PXWCIKX. 

Mlracfl u exmaetl Inwi lakcd blood Id the procnce of •odium phoM 
Into ethylene dtddorWt To tbu lolurioo In etbyicoe dtcfaloridc a * 
broino-thymol Hue (buSered at pH 7 ) and the tnuctttre fa ihakcn, wfai 
fotmarfon of a cotnpotmd of itufmc3 and bromo-thyrool Uoe which fa Kt 
in tthylrne dlchlonile. Srocc the oncoopJed dye fa InjoluWc m ibe orj 
tohent, a pirtirkm o! the dye taltci place, and the amount of dye thia rtm 
from the aqueoui pbav u mcaauml. 

TXCfflDOQCI. 

Bromo-i) \mol blae resgtnt — Thfa fa prepared In two rages 
followi — 

Flrw wock J CMd* br dmolrlna ^ of §001 dj« to 100 mL ef : 

cent alcolMl •ecmlh' ^ <d dmaobmoo an dJmad to lOO taL wftti bufln come 
30 auJtajKJ of KHfPO aad 14 35 pmanai of NaJlPO L£HfO to tha ton 

T 5 ml of £r»*ii who** btood. faked wlA 10 ml. f w«ttr «Tt addad 3 ml o 

iHPO* cod tfam 30 ml. «f etfayWo* ds eb kiri de. *1^ lairtssre b ■>«faT r i gnri 
toeSmmtam meebantoal tfaakn and than cencrifasnl for 15 mkoae* it^SOO m 
tfaoa per m m TO The uppet aquecua brrt b aapsated wmr bwfaei the otfaue : 
q jTwad wttfa peOkfe of peecem materni 

Tfaa e diyto a dtffajorato ■ tmatorred to omhat bonk, die paOkk bci^; left b«l 
sod a then «Wwd ooea wrtb 60 oJ f 10 par cm. KcOH and twi c e with tha aaow ad 
of sraler At aKfa rttfa die oumaea an meefaenjcaJlr tfaakxn and Uwr ac petak i 
et ntri fagma aa to tba arc(ioa] excracom Z3 mL of tba rthTima d^hlorala fara 
ranM ed br meaof of taated pipette, and placed m amaD itoptwred eocaa u r aig cyna 
3 5 raL of brecDodiTtaol bloa reafaot ara mm added aad die a oiiiun n atoJeen ssada 
•Qy [at 15 maiarei to brxif abom couptoat betwaea nurKd and tbe dye, aad b 
cncnfitied. 

OtM ml. of tha oppet amteods lay m ma ewe d and treated with roicm-dra 
lOw NaOH Tb* raaultatc taoa cotour a read m SpaUar U w p tke Bater uafaiyroi 
copa, javt the ericmal tmraol cc o tmi it dr wjma aed fams iraph ptmoody pem 
The (Ttph n di a a tt (ram tba roadtoga obouned, after treatof by the aboT* man 
•erk* ^ MEBv4ea of oormtl Iraki htood to whicfa miraeil haa been added to knmra tarn 
A (raph dercewi to dua w«7 ta atom 0 Fto. 1 wid t will ba aean that the aonaiit of 
rwn oe ed from the aspiFoua aolitm (« iad»ttd by d im s miw o n mtcmrfy of n eo* 
b p ro pcat j ona] to the cnocanframo of mmed pec*^ 

■iXLLOW COLOUR METHOD 

Miradl cxhibiti a atrong ytlloir colour »ben dfaaol cd in hydrochli 
acTfl and t »tu fenmd that ihu colour taned with the coocentrarico of I 
preaenr ahowing tci analojoua though oppodte tcndencT to that of the fluo 
ri-nrr of mc p a utD e (BJtcDtt lod Udtxt»ii>.d 1943) This Tiranon m 
f«w of rairacil n ibonn ro Fig 2. 

Bt rranjformg the miraal from 5 ml of Uned mto I ml of OW >*•! 
and reading the cokwr of the fatter in a SpekLer abaorptiomeier imng mk 
cupa, blood cOTcejuratwna of the otder of 10 to 100 g/lOO ml coaU 
bandied. 
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Technique 

Calibration of Instrument 

A stock standard solution containing 100 nag miracil hydrochloride in 
1 htre 0 1 N HCl is prepared This is stable for at least 3 months, if kept m 
the dark Two ml of this solution are diluted to 50 ml with distilled water 
Each 0 5 ml of this dilute solution, when added to S ml of fresh oxalated 
blood, produces a miracil content eqivalent to 40 /ig / 1 00 ml A senes of 5 ml 
blood samples can, therefore, easily be prepared containing total amounts of 
miracil hydrochloride equivalent to concentrations of 40, 80, 120, 160 and 
200 Hg / 1 00 ml respectively 



Fig 1 — Results of dye- 
Iflking procedure using 
samples of blood containing 
knoivn concentrations of 
drug 

Spekker absorptiometer, Il- 
ford spectrum red filter 



Fig 2 — ^Relation of mten- 
sity of yellow colour of 
miracil solutions to the con- 
centration of HCl present 
Spekker absorptiometer, mer- 
cury light, Ilford spectrum 
violet filter 



Fig 3 — Yellow colour 
method for miracil Results 
obtamed from samples of 
blood containing known con- 
centrations of miracil 
Spekker absorptiometer, mer- 
cury light, Ilford spectrum 
t inlet filter 


Each sample is haemolyzed with 10 ml distilled iiater, and then made 
alkaline with 2 5 ml vNaOH solution It is best to carry out die tihole of 
this procedure, from the preparation of the 5 ml blood sample onwards, m a 
500 ml separating funnel The clear brown solution thus formed is treated 
w ith 0 1 ml caprylic alcohol, and thoroughly extracted by shaking r ith 25 ml 
of ether It is essential to shake the separating funnel at least 200 times 
The emulsion thus fomied is as a rule easily broken by the addition of 2 ml 
of acetone and is allowed to stand for at least i hour until the two layers 
arc well defined If the emulsion proves especially obstinate, a few drops of 
absolute alcohol may be added as a further aid to inducing adequate separa 
tion After the lower layer has been run off the ether layer is collected and 
set aside m a stoppered bottle while the lower layer is returned to the funnel 
and again extracted with a further 25 ml ether Separation at this stage 






VUICU. 


lU 

ciuill/ cakei pUce qiuie euUy OaaricmPy ho»e%cr n may be oecmary 
to add a kn drop* of ahaoioic alcoboL The ethcnsU jrfia*: from the accood 
•haJung is added to that obtamed from the fim, the rcsdual aqoewa fliud 
bang dtscaided. The tepaiaung foflnd u new traihcd om with 20 ml 0 3 
w NtOH loiuDoo lo remerre any acuni adheiiflj to inner rtrrface, and tiK 
ccanbined ether enacts arc returned to the cleaned funnel shaken »cU 
with a fonher 20 ml 03 v-NaOH. The alkaJI layer h run off, and the ether 
extract washed twice hy shakfng well with discdled water ahoe reaakn 
has been adjusted to pH T*!. Each c{ these p roc cdiu ts b lahie to be foikmed 
by some degree of emoldon fonnaiton, but standing for 10 mmtm>« ij usually 
fufitcieot to bring abotrr an adequate degree of sejnratfen. It ha< been 
demottstratec that the small atnoont of ether contamed in the mnNwyn, 
after this perrod of tune, b asually oegGgibIc, and hs Iqm docs not materially 
affect the mult 

The ether etmet after the final aasblng, b freed as far as possible from 
the lower aqueous Isyer and transferred to a dean dry 100 ml Kpajaiing 
f unn el. ThI transfer b anrled oait by pocrrtng the ether through the neck 
of the larger funnel and oat by runmog it off through the srem so as to 
aro)d canymg orer any traces of emuhKiQ wbkh might dilute the acid to be 
added 1 ml of 0 04 w HCl ts now introduced and the small funstl thoroughly 
shaken by hind for se^ertl minutOL There mtm be at least 300 to-aztd-fro 
moTauenta. 

After bemg alloiml to settle the dear loner layer which ts now »i a 
mle, pereeptfHy reTIow in cofaut ts run eff into a mjicnxop (lolDine 03 ml) 
and Its coloatfajn m easm e d m a Spekker photcelccmc absorptlumeter u rag 
an ulta riolet bgbt soarce and spectra} rioJet fillers (Tford fiOlV 

A typical caJIbrinon cume b shown in Fig 3- It can be seen that there 
b a satisfactory straight line rebnombip b e r wrep the final ernnctkio ralues, 
and il* known ceswentrarfoo of miracil bYdrcsiilonde. The remits hare been 
found to be condnently reprodoclhle. but h b adruahle to check the ctmc at 
InterTali to allow for powiblc Tarutions m the irntnunent 

DrTTaMTMTwrt or Mouen, Co'axxra stkiw tv Blcwo. 

5 ml of oxalated Wood are treated a alretde described, and the mlracD 
content de ter m bred fra tenm of rolracil hTdrcchloride g MOO ml 1 from the 
calihratfcm t o i e e . 

BOLiTwrea uonarn 

Stoci tUnM mtr^l hrSrochJonJe trAabon ICO m* mharil hedro- 
Mmtie ire dwwhrf m 0-1 «Ha •nd node op 10 IJW ml hr tho KWitlon 
of more 0 I O-Ha Tho kcop* for 3 mootfi 

DduUd rniTOcfl amJtrJ I ml of tho tool nuxknl .rt modr 

op to SO ml with dbtnied water 
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0 04 n-HCI is prepared by diluting 2 ml n-HC1 to 50 ml with disulled 
water, which has been exactly adjusted to pH 7 2 by the addmon of dilute 
NaOH or HCl 

It 16 of extreme importance that the two final washings of the ether 
extract be earned out with water, which has been adjusted exactly to pH 7 2 
This adjustment was carried out in our experiments with a Lovibond com- 
parator using phenol red as mdicator, and addmg dilute HCI or NaOH as 
required For values in the neighbourhood of 20 /ig or less of miracil sohdus 
100 ml blood, it is preferable to use 10 jnl of oxalated blood instead of 5 ml 


Results 

(a) Recoveries of added mtractl 

It was found that, usmg a calibration curve derived in the manner de- 
senbed above, and then checking the results against given amounts of miracil 
added to a senes of hlood samples, sausfactory recovenes could be demon- 
strated The results of a set of such trials are shown m Table I 

(b) With blood from animals after dosage with miracil 

Our expenments ivith animals were limited in scope, being confined to 
demonstrating that our chemical procedure would be apphcable to the range 


Table I 

RECOVEEIES OF MIRACIL ADDED TO BLOOD IN THE LABOBATOHV 


Amount added 
to 6 mJ blood m 

hS 

Equivalent 

level 

/Ig per 100 ml 

Amount recovered m /ig 

Figures m brackets are percentage recovenes 

Fust 

experiment 

Second 

experiment 

Third 

experiment 

2 



1 6 

2 2 




(80) 

(110) 

4 

80 

3 6 

4 1 

3 6 



(87) 

(102) 

(87) 

6 

120 

6 8 

6 6 

6 6 



(96) 

(110) 

(110) 

8 

180 

7 6 

7 3 

7 6 



(05) 

(91) 

(96) 

10 

200 

9 7 

10 0 

10 3 



(97) 

(100) 

(103) 
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of cooccntr*tioo» might rmooabiy be eipeaed In •nhrmU trcening 

therapctiric dow of immiL li *» fint fbtnra that Hood fixni untrmcd 
mi. rabUtj and monkeyt (m nell ai homan mb^ctra) gave a oegUgCUe read 
Ing ahim cabjectcd to analyiii. Resulti obtained fn:<n labbhi and rati tktit 
tng muadl bj partnicfal ta}eaiciD» are •« ota in Table* n and HL 
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It 


T«mji IH 

rum roB u MpOod rcuxr»iw roiummnaAi. tottai 
lA and B ■>« djflrrant win> 



Bkiod wai obtained from the tabbtti br Taupuncture tod from ibe rat* 
br reotrlailar pnn auie. 

COLORIMEmUC METHOD FOR URINE. 

A procedare baled oo ibe lame priocfpfe* ai that deicnbcd [<x Hood 
can be applied eijoaDy well to unnt. Sbax the abwtme rooum o< muadl 
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wQQc ttc druf under coitddcianon a tntended for cocnbiong a ^yri pdi-^| d^ 
eaae, to tiiat 6cld trial are lAelj to be made in count no a\eTe the atmo^ 
phene tempermrurea are much hj^ber «Kan in the United kmEdom. It 
to uf that *mcc the initial etpcnmental nork mth mlradl u Uludy to be do* 
in a letnpciite H i m a t e and that there b a pro rp cc t of alr-conditioninj pianu 
being uutallcd on an incrcaiiDg scale tn research laboratories m tropical coun- 
ti josofiable to introduce a procedure mrolnng an ether-eiuaction. 
Trials with the inbstitudan of hlgb4xiiUog peuuleum ether acre not toeem* 
ful, nor were atianpa to utilize am^ alcohol and amyl acetate. On the other 
hand, it was found that eitrictioo with ethylene dtchloildc, as in the dye4akiag 
method, followed by re-extraetton of the etbytcnc duhloride wuh 85 per cent 
lacdc add dieted a possible, dioogh mote tttboos, altemadre coloeimctnc 
procedure. 

Regarding the Sgures in Tables II and m, it should be mentioned tH«t 
the ammab whose blood we rested had r ecti red only smglc doses of the drug 
it ts nkeiy that during dierapeutlc r ^gi ro o mndring repeated do«et the Icrds 
cncTxinted wHl approximate to the earlier and higher ones in our Tibles- 

So Ht there are not tvSBaem data ataibble to enable any dedntte snre 
ment to be made a to the rpedhatr of eWier of the methods described bot 
wc consider that the edorimetne b probaWr the more spedfic as weD ts 
the more re nml re. Sop pen for thi opinloo u found in iu negfirible blank 
ralueaad also in the fan (Rrst nodeed when tomg the method on nbbits utsk) 
that some metabolic derinnTe of miradl 1 p out e d by anbnah reeriring 
the drUE which deffert frarn the drut twif In !o bebariour rtmardi the enne 
turn. 'I^m, ahhoQgh thl< deriraore b extracred from aTbaJmired urroe by 
ether It doe^ n« pas' from the ether into hTdrorfdonc acid and therefore does 
not enter roto the fins! coktirmctTic mcasunm ent. PrerurrublT i *111111x1 
suhttzDce may cxw hi blood bm acain h would he rTwreiiird from hurt 
fmng widi the coIoTTmetric read'o^ hr being cEmlnjrrd during the extrac 
tton p i o cc*v 

SUMMARY 

I A method of determining the comeniriDco of mnaol m bJood by 
ertractmg it and roeasnnng its ydlow colour fa described. 

2. A preliminary a cco un t of a dye-bling method fa also gben. 

3. The spplwsnrm of the ojloi lj TKnric proced u re to mine b described. 

4 Some result* obtained whb there p ro c e d u res are recorded 

REFERE^CES. 
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dmw wWi drlrty-fwo dwth*. Ttm origin of tba rtctm k>u**4wTW rjAimic fa\ Ketm 
•ppexn to bar* bon Anbk laxfaranwclr Ettfe a known of rek^wiff f»\tT ki tbct 
coiiuuy aad tbc CKatt atimtn cop wu o tl fa ppannllT’ imletvtiTttnad, tboi^ Hcmu (1031) 
nfm to tj* oocurTOkce of tkk-boRM uwtr to Soutbem Atwa. 

Aecwdki* to CHOcrcix O&iO), dcruatios cpUnnkt of kune-bona 
fner bcfnn tn Upper Goine* after the &m world war and apraad Mnaa tfaa 8ad« 
at kast lOOOOO people Toward* tba md of tbe aecood arorU war aenoua amt^t 
o euu r ed bt FmtA North A&iea, which k ratod Stvamt to Iwro afSected nearly 

40 000 people ^Vhetl, lata m 1845 an efddmuc ritmtjon wat recofmced io Kenya, k 
wai realnrd that tanSar dcralopnwfit wa* chiTatcned Iwra and i-nrrtT tJ meaaurta wen 
at cBca l oa t^fP ^ At the Mcne tkoa tba oppormnlty wai taken of bmatii^iahif tha type 
of tphoducte ktrofred, with apecial ufu c uta to ha e&ct on anlmid* and ta b al wriw 
ki arthropoda. 

HISTORY OF THE EPIDEMIC 

The diKxae wxi introduced mto Kenya from Seihnt, South Anbta, m 
February 1945 when ■ nomber of Arab dhowa arrired bi Mombaia with 
terenJ exact of nUpiing fercr m board. Aa moat of tbc pa«engera cm tbe 
dhowa were heavily mfeated with Gee and do ucki could be fotmd it wxa 
nnmed from the beginning that the fever wia loate-boroe. The infected 
c&owB were put into cjturantute and tho a«cJt were iaobted on ibore 

Shortly aflerwarcU a few caaex began to appear m Mombaaa and oa tbc 
muojand in the vicmity of the hlazid. The diaeaae finally tp ead into tbe 
naUve reaerro, the fir^t caae oecumng m tbe reaerve at the end of July 1945 
DO ctEiea, howrrer were diagnoaed tmti] August The majority were jaundiced 
aad were at fim thought to be caaea of yeUoir fever Tbe docaae reiebed the 
native reaerre m tbe following way A Mombaaa reaideot, tufientig from 
relapamg fever wia vmted by two aromen from ManaJanl The women 
returned home after ataying a wrek 4 daya later they fell flJ Sabaeqoentiy 
the real of their family and vanona rebtivea and frienda abo contracted the 
dtaeaie and fourteen out of eighteen died 

Durmg October the dweise aa au med epidemic proporUona, and by tbc 
beginning ^ November the three loca) hoapitali were unable to cope adequately 
with the mflux of piuenta. 

By the nmw we amred m the distnct the diaeaae had been prevalent for 
aeveral weeka and wia well recogmxed by the majority of tbe local inhabnanO 
careful queatjaaing of chief* and elder* could therefore be irbed cm to give a 
fairly accurate picture of tbe emtatioii. 

It waa disayvered that th epidemic bad aprtad a* far as ^^tenfeTU to the 
north Ndaviya to the louth and Tam m the weft face Fig I) The populaCron 
of thtt ain waa approiimitely 110000 There were about 1^ cam with 
380 death*. Tbe mortality m untreated cam waa 40 per cent ^omen were 
mfected more frequently than mm or children ard the relative proportiona 
were Mem 23 per cent. Women, 47 per cent Children, 25 per cent 

There waa a higher mortaCty among the men than the women whadi 
appeared to be due to the high proportion of old men affected the latter were 
noT^y more knity but had kaa rcaiaUnce to the disease. 
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In the ome how n the corpse uut the men under the tree* ootride. U wu 
femnd thet nnnj of the people who were prtoent wbeeqaently dcreloped the 
diMtse, the wo m e n ban( affected in paitiodtr 

Otradatwia of ntihiutntjon prrn3cd m the area and it u poaaible that 
thcac were an important factor m the epidemic, for as pointed out by CHTto 
and Wn (1S38) epidenuca of knuc>bome rehpsing fever arc ttauilly BModsted 
with fsnane. 

Further ipread of the dnesae was p rerented by control measures which 
are now described. 


CONTROL MEASURES. 

The first meaaor^ taken was to rcCere the Qr ei rrTTMihfig m the local 
hoapitala. A temporary hoapctal waa opened at ManaJuni hi the moat hearOy 
infected area and the accommodattoa at Kaioleni bosplttl waa increased by the 
erection ol tents. The folkrwmg prehnunary meinir e s were abo pot mto 
effect — 

L Rapid remoTsJ o£ cisea to hospital by ambnlanee. 

Z Destntetjan of Qce by boIEng clothes. 

3. Saspenoon of the eiihorate funeral cemnooy 
A Dia coun gemeitt of travel, or when essential, dmnfestatMo of 

travellers at rtlhray ststjosi and bos termini 

5 Duznfesatlos m boosca from wtoefa new cases were reported. 

The mcceaa of these measures depended on the cO'Operapon of the people. 
There ftni exist in this part of the country ancient indigemoos organaitioca 
(hiryar) which eren today hare coostderable infiaencc. Members ti these 
Jbr^ garo os thert foil aupport, and tt a perhape aignificsnt that south ot the 
railway bne, where the Ar)w ts more powerful than in the north, all fonml 
ceremoiuea ceased almost Immediately and the disease was extinct by lOth 
January lRt6 wher ea s a few casea still continued north of the line. 

The destruction of bee by boifing clothes was earned out tucccHfolly 
m the greater part of the infected area in spite of the great lack of water due to 
drought. 

Though ev er y effort was made to dtscoursgc travel, fscflitles were pnmdcd 
at hospitals and dapenaanes whereby travellen could b« pro tec t ed by btnng 
thar clothing Impregnated with DDT duatmg powder 

A dTtinf‘'*rhig umt acco mp anied the amimlmce whenever ft went oat to 
collcet a DOW case and the bodies, clotbes and bedxlmg of the fneods and 
relstiTes were p o n d ered with DDT The importanca of this ** case-cootact 
delouamg semee was stressed by CtacTUiD-BMOrt (I&4S) m reference to 
the Nspka typhus epidemic. 

Dmnfestation was e ar ned out by special teama at the principal railway 
*tatio« and bus temdni AD those wwhing to trxvd were dismfested and 
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Fto. 1. Tb« partible dwtifutirino t««M with h*** oi du«tin( powder «vl the nwti «B 
wbkh cb* cfcwha f w«* trrAted. 

Fn. 3. — A rtd wfalj (wbid 3 photanraphs bbch) b««t| tnaicd. It b fpmd ent n 
much ■■ powtbti »tt3* befct apmUid with DDT ptr i wl it 
Fia. 4. — aaot ii trig it u io F 4 3 Robbiilt e the p « j wdc f Tbt cfath now pfac*» 
Enpfai ilmcitt w^uta riKwrmc tbe i Lwr i tf i nfi i of the powdering 
FfO. 9 — A groop of w o twe a w wmj 

Fia. fl, — A «lQgl« ipnad ooc It mar ccrofwtw *0 rardi of mitcrtiL ViTwn 

won^ thb iBJtczw} b ffathervd ap to about jird hi lenftb and mdad onr nrio# which 
wtfed rouDi! tha wabt. 
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tU jwtfaiO T«7 ill m tbe earty stife* many were uiabk to walk and 

oxh«» wrre esttetotSy ata^c- 

Tbe tcmpenture roae rapidly to 103* or 104 F and mruined dmtcd 
for 5 to 6 daya In 04 per cenL of the pauenta 2 to 4 dayi m 18 per cent and 
7 dayi In 18 per cent The temperature ww uauaily remittent daring thi» penod 
although high conUnooui ferer waa aoraelnnea aeen. The mitid pyrtsial 
period ended with a fjH m temperature by cnaa in 07 per cent and lyaia fai 
33 pCT cent The aabaequent apyrcxial mterral was only truly mpyrrtial In 
45 per cent the other* abowed a low remittent or intermiuent ferer which 
gradually fcQ by Iy« or continued until the fim relapse. 

The different typea of tenqicriture curre may be cbwiSed u follow* — 
(1) High renuaent pyrexia, fall by ensts or Iy»i* apyrexial inteml. 
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ciamined «t the on*«. In one pitient the reBeie* were much 
with bOttettl mile ejom^ iknr Impr oTnagit occurred after the rjTDpiomi 
hid pcraiited for •erertl weeb. For^ ** hodthjr milTe* were eurmncd ti 
a control and thirteen had tJospih knee and ankle ^erfca. Thi* gives a 6gure 
of 30 f>cr cent, which docs not differ tndehf from that obtained for the ajck 
peraocs. In some patfcnts, benrerer knee and ankle }ai» prenooilj- 
or absent became normaj and eren bnsk later in the diaease, winch sug-'eiti 
that rdapaing ferer may have played a part in theh tetWogy The dirnumhed 
reflexes in the tribesmen were perfaapa dne to some widespread vnamin 
defioency 

The abdominal reflexea were abaent m about 33 per cent, of the rw 
they osoally returned liter In the diseaae. 

The gait was often very tmecady espeoaSy during the p y r exia l periodi. 
On attempts to walk the patient a legs tended (o cross over each other as in the 
adtsora gait. WhQe ftandmg there was often considerable cQScuhy in lifting 
up the kgs (at in marking time 'T- Rombergiatn was absent. The atm 
appeared to be doe to aev er e nmscobr weakncaa. 

Only a few cerebrospinal fiufds were czamiDcd and these were clescr show 
ing no increase in ceQs but a cnookey mjected with cerebros p i na l fldd from 
t relapsing ferer pstieot cubseqoentiy d e r t feped the diseaae. The specunen 
of fluid wu not cootammated wtA blo^ and pf ea uma biy contained splrtchaeies 
though they were oot found on dark groood exammarion. Tranamlnuti by 
eerebroapu^ fluid has bees obtained ^ aereral obserrm, and Cttumo (1933) 
succeeded In infecting tplenectomited aqulirds whb certbroapmal fluid from 
patienta sufferuig from the Chinese ttnun of loose-bome relapsing fever 

\omiUog is usually marked m louae-bome rdapting frver but ft wu 
only obserred once m the recent epldenuc Rocias (1939) found that rosohing 
occurred in 30 to 60 per cent, of all feuae-boroe reJapsmg fever cases, and 
according to BiM-Na (1945) vomitiDg la frcqoeni during the febrile penods 
and ts often biltous in rhmrfrr Diarrhoea wu present in 2S per cent, of the 
r-n%n but WU oerer serere. 

The liver wu enlarged and tender in 88 per cent, of the cases. It wu 
often difficult to palpate the Drer bccauae of muscular rigidity oxer the hypo- 
cbondnum the enlargement which wu ncrer marked could often be measured 
only by percossion. Tenderness orer the Drer wu usually eitretne. OiAamo 
(1942) observed a «imiTar tendeme* and ngidity over the Drev m rtlapuDf 
fever patients m Abynima. 23 per cent, of the pilicnU were jaundiced. 

The spleen wu enlarged and usuilly tender m 75 per cent, of cues. The 
tnlargeniem wu uldara move than 2 fingers. It ii probable that some of 
the splenic cnlaigemcnt wu due to malana. 

Cough wu present m 34 per cent, and appeared to be caused by a trichertis. 
Broochittt wu uncommon and rhoochi were seWom beard on auacullation. 
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Aduhi were treated with normaiobilJon Inui Tg mxa ly (0-45 to 0-6 
gramme) and chfldrm with acetjknan httramuacnJariy fO-0^ gramme). The 
droga were gif cu while the teuipciature wai naing Spirochactea rtmamed 
m the blood op to 8 hooii after an u^ectioa of NjCb 

Althoogh the co tirie of the diaeaae often appeared onaffccted by treatment, 
the low mortality m the treated caaea, aa c om p ared with the ontreated, auggesed 
that the drag hid a benefictaJ effect. Woliun (lft44) fotmd that mtrafeoow 
araemc bad no effect on the course of Abysainian rd^mng ferer (It may be 
of Intereit to mention here that ac ety hn an earned the blood of two mookeyt 
heaTily mfected with dsttna to become negarire within 12 hoert. Tl ntr^t^rl 
mookeya almoct InTariibly cEed when infected with the dxtiom atraiiL) 

PATnOtOOT 

There waa Ihtle human materia] araflable for itudy One dderiy African 
male was admitted to hocpital moribiind apircchartca were found In hla blood 
and he waa green N.AJL He died 12 boun later and a poatmortem waa done 
2 houri after death. All the twauea arere dcqily Jaundktd. There sere no 
haemorrhagea and no maeroecopk changca which we could regard aa tpeofic. 
No fptrochietet were found by dxrfc>groo&d cram, mao on of filma from the 
ranooi orgtsa. Tbe hiatokigical changca were not apeohe and no ipirochaeta 
were seen m LertiliU>«tKiiied aecUooa. Sereral mootha later a child died eC 
rebpamg ferer premnahty tick •borne, m Nairobi and at poatmortem enimu* 
tKKk 6 honn Uter the findinga, with one exeep troo which la referred to beiow 
wge BumUr 

Diagnoatre changea were deecnbed by Rtwox (1902) comatnig of areaa 
of ceihilar mfiltratian in and around the hlalptghian corpuaclea thcae were 
found In aectioni of the apleena of oar monkeya Infected ether with S notrrttta 
or dxttonL We obaerred do dlfferencea m the appeaiance in the two nf ec U om . 
We w ere unable to confirm Rovzll a obaervatjon i^ft apirochaetea could be 
found in aiher itamed apleen aectKma when they were uremblc m filma. They 
were namerixia in sectiona of apleena from «T«mah m which the blood contained 
■pirocliaetet at death, bat were not aecn In tboee In which the blood had become 
negatire. One apleen from monkey wbich died after a fim relapae ahowed 
conuderable and apparently rec en t diffoae and trabecular fibroaia. 

In the Crera of the mookcyi and of the two human caaes the Kupffer ceOa 
were cwoQen. The Erer edb abowed focal degenentree changca 

One of the monkeya with iutimi infection derefoped «t«TT before death 
and aectKns of iti cerebenum abowed nuclear degeneration cfaromatolyita and 
racDobtion of the cytopUam m tbe gangfion ceha Snmlar changes were 
present in tbe certb eflum of the child and in that of another monkey in which 
there were do apparmt nerroua ay mp toma. They were not found in other 
parts of tbe bram. 
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13 diy». Very numcnxn tpmjclaete* (Fig 8) were •cen in cnahed Uce from 
thij bitch on the 21ft December ind igein on the 24th December on whfch 
d*y another rooniey (hL0) waa aocccnfully mfectci 

During the cipefimenti the bee were kept In an Incubator at 28* C with 
a rclathr homWrty of aboot 50 per cent. 

Theae cipenmeBU p rored that Infected bee could be recoreied from 
palKOta bt the epidemic area. 

The poanblhty that bed boga were alao con cer ped in tranamittioQ was 


TaA.'torano^ or ■s.mcca mm nm uwia ucx to A.'nuua. 


SrraJ 

Kaadxr 


L 



Aamd. 

Kexobw 


TjT-rf 

RtwriL 

M* 

aionbtr 

II 

a dfj* 

Tsomal rtaw 

1 

TnruBuwlaD •• M 

MU ^ , 

Moll 





j. ^ 

Wbatnmw 


a 

1 

Nefort. Horn 
lUMepuUa hr 
hifaa S wwii barr 

Ml _ j 

ftlonkar 

tl 

la 


TipiMufailrw oe • b 

iui 


1 

11 


I N*»rt*r*. MepliT 

BSMJwrpoU* by 
{aoeobtuD a Tttb 
(m pewtVr fciM»w») 


consIdeTed. Buga wese collected from fauta nbere casea of tbe dbeaae bad 
tbey were diaaected and amcara of tbe oigana and baemoco^ 
fluid were exammed by dark gronsd illumination. No tpirochaetef were teen 
and *twTn«l tooculat^ca were also ncgatirc. The floors of fifty Infected bota 
were for Onathodona ticks none were found. 

These obaerratKma appeared to prore that the epidemic was of loose* 
borne origin. 

The Ttte or SpoocnAETE. 

The difl’etentiatjoii of ap eciea of relapsing ferer aplrochactea it ftlD nAfw£c*- 
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fiiBAnocrt Dt PT roiwr cTAi A ktmah , 

Tte *a*ctptlbffity of diffcrott ■ntTTMh to the Tmnora atninj of ip*ro» 
chaeta It regarded hj many workoi at a useful cntenoo for ind 

Table II giret a tammary of retuha of loute-bome strains compiled from 
Ttnota toorat. Unfortunately do ftcndardaed tcchmquet hare been employed, 
and wrtliout knowledge of the exact amoont of tbe apirochaete hiocoluni tod of 
the apeoet of snitml, It b hnpoatlbie to aaaeta the rctnitt aatnfactonly 

Howerer a charactembc ptctorc wat giren by oar ammil eape iln itnti 
which aerrcd at least to differentiale S ^axtcoi tod 5 nrxrrrafu. Mookeya, 
white ratt, white rnier, rtbblta, gumeaplgi, btah babiea and gerbQIct were 
employed tod h wu foood that tU the annnalt p iu i ed tuscepdble to mfectlon. 
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Alonkeya and nuce were tbe moat aatcrpdbic, though the infection in mice was 
abort. Nicoixt and Akdeiso:* ( 1 ^ 27 ) atreaaed the effect of tbe aoe of tbe 
mff i n rr dote on both tbe length of tbe InociiIatioQ period and ibe characta 
oftbecbteate otir retuhi were tmubr Monkey 28 (T^e \T page 102 ) themed 
an incubation period ddayed tiD the 7 th day following looculatkni »lth 
prcfumably roy tpartely mfccted ccrebrotpinal Add. Tbe three lonte- 
tramnutted mfectlooa (Monkeyi 8 , 9 and 12 m Table AT) also tbowed 
a long mcubatlon, probably becavoe the tpirocbaetct m tbe hce eraabtoos we« 
Acaniler than t !>>«»* m the blood mocolationa. Experimenii with tnonkeyi 

Tbets OMM (^^Oma tnd im m i tmto) ai* lacd » dntfBaw the uck-boww snd 
toMe^axo* ^weies nspcethrly It miattt ba mm ■ mifite to rrttf to our East 
tidk-bom rfwoeiwts m S. iwrf 
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Behatioo* m EtfonnjfTAL AimuLi. 

The tu*ceptlb3xtj of diffcreat ar'tmaU to the wioue ttmm of iplro- 
ch*ctei u reftrded by m»rty workcn tt i utefu] cjitt no n for diigDOOi, tod 
T»Ue n gfrw a Ktmmaty of rcsulti of louae-b om c tcrains compOed from 
Tiriooi aourcca. Uiif&rtun*tely oo etaadardaed tcchmqun hare been employed, 
and wiiJuat hncrrledge of the exact amount of the apirochaete faroctdom tnd of 
the ipedea of a n i m a l , it h capoasflilc to aiact* the rexulca ntitfictorihr 

Howerer a characterfatfc picture waa pren by oar animal c rp cnmeati 
which aerved at least to differentiate ^ ^Ettom and S. rrearmtu. Monkeyt, 
whhe rata, white mice, nbbha, puncapoft, bosh babka and (crbtUea cere 
employed and it was foond that all the airitnala p io red susceptible to Infecticn. 
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hfonteya and mice were the moat amceptible. though the infectloo m mice •** 
abort. Ntcouj and Awtouox (1927) atita aed the effect of the sue of the 
hifecOTe dose oo both the length of tbe moculatioQ period and the chaiacio 
of the diacue our rtauhi were aunilar Moalmy 28 (Table VI page 162) ahowtd 
an mcubatioo penod iMayed tiD tbe 7th day following hiocalation with 
prenmabfy Twy sparady mfected cerefato a pmal fluid. The three kaoc' 
transmitted infecticna (Monkeys 6, 9 and 12 in Table \'I) also showed 
a long meubauen, probably because tbe apirochaetcs m tbe Ece emulsiOQi were 
than tboae m the blood inocubuons. Eipenroents with mookeyt 

Tbeaa naron (SWMm snd reorrfwtii) an used to dea^nat* the ttck^ionie W'd 
lo mt -bocm species i rs p ce th 'e j y 1 mifht be mors a ctufsu to refer to oor East Afffc* 
ock^orrie •pooefaarta as S rmw 
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•Gsmg graduated doses were unsuccessful in confirming these results presumably 
because the lowest dose (0 1 c c of highly infective blood) was well above 
the mimmal dose needed to show an effect 

The results of the animal inoculations are given m Tables III, IV and VI 
The reaction in animals in ascending order of susceptibihty is shown below — 

Rahbit — Of five inoculated with S recurrentu one became positive and exhibited 
spirochaetes for 2 days Two duttoni inoculations failed to show organisms, but the blood 
of the animals when sub-inoculated into mice on the 7th day gave nse to persistent infec- 
tions in the mice No such phenomenon occurred m the recwrrento-inaculated rabbits 

Gmneaptg — One guineapig (No 30) out of five showed an evanescent infection of 
S recurrentis , with S duttom they were shghtly more susceptible, one out of three 
becommg infected, for two days instead of one, even with a small infecting dose Kjrk 
(1938) and Wolman and Wolman (1945) failed to infect these animals with the Abyssinian 
•strain 

Bush-baby {Galago crassicaudatus lastohs Peters) — Two of these animals (wild) were 
inoculated with patients’ blood containing S recurrentis, and both exhibited spirochaetes 
on the following day 

White rat — These animals behaved similarly to bush-babies, showing spirochaetes 
for 1 day only Kirk (1938) failed to infect them with the Abyssinian strain With 
S duttoni the picture was strikingly different m that the primary infection often lasted 
nearly a fortnight 

White mice — Infections of mice -with 5 recurrentis were remarkably uniform and 
constant, the spuochaetes appearing on the day following inoculation and persisting for 
5 or 3 days (Table IV) Relapses never occurred In view of Kirk’s complete failure 
to effect passage &om mouse to mouse, the experiment was repeated here with five mice 
and sub-inoculations were perfoimed on alternative days Repeated passage for 80 days 
demonstrated how easily ffie strain could be maintamed in the laboratory and though 
occasionally one or two mice in the five had occult infections, the spirochaetes invariably 
returned in a visible form in the next passage 'This is in direct contrast to the results 
obtained -with the Abyssiman and North African strains Passage was effected by cutting 
off the head of the mouse over a Petn dish, collecting the blood (about a cubic centimetre) 
in a synnge and inoculating this intrapentoneally Sterile precautions were unnecessary 
The Swiss strain of mouse -was used in the thirty-fourth to thirty-sixth passages , the 
remaining passages were in a mixed stram of mouse S duttoni infections in mice ran a 
very different course, being much more persistent and irregular There were gaps of 
several days with absence of orgamsms, presumably representing intervals between 
relapses, and the infection sometimes lasted for 26 days These results indicate the 
unique suitability of rodents as reservoirs of S duttom , Hindle (1935) pointed out that 
small rodents are undoubtedly the most important earners of the disease 

The tendency to neurotropism has been used for differentiatmg species of spirochaetes, 
and Kritschewski and Brussin (1931) found that 5 duttoni was highly neutropic whereas 
a louse-borne Russian strain -was not Kirk (1938) hkewnse found no residual bram 
infection in mice in the Abyssiman louse-bome disease Table V gives our results, com- 
paring the residual effect of S recurrentis and S duttoni in mice In the case of the former, 
there -was httle evidence of neurotropism, whereas with duttoni, although brain smears 
were negative, emulsions when inoculated into five animals infected three of them 

Gerbtlle {Tatera brantsi) — ^Two of these animals were infected with 5 recurrentis 
and spirochaetes were found from the 2nd to the 4th days of the disease No relapses 
■occurred 

Monkeys The following species of monkeys ■were employed — 

Cercopithecus mitis albotorquatus Pousargues 
Cercopithecus mitis kochi Neumann 
Cercopithecus aeihiops johnstoni Pocock 
Cercopithecus aethiops centralis Neumann 
Papio doguera furax Elhot 



( ) AW A. AcfM ( ) 







BiunutQ nrn 


IM 


M«t tj( tbe incrikeT* -ww wfld tm two wwo kbontivr-bred (ou wm uKd fcr 
*acee*ftij kuM tmaraMn fiirmriwn t tad the otlw fix bknd toocokttaO. No 
n*iurtl bifirttioeii wWi ip fro c fM tq wm fisund to tb* wild noekm, wto ta 
Wldft»xwl twtBty-fiw raed fix «h*« woik. Woouw «ad WoutAW toMo dwt flw 
reipoet** ot mcnlm to infeetioo to oo vubiito tlat rwfa* an gate iBirefiahto. TTito 
— < wtt oar fTprrlwKw , for u Nkoux wod Amdoow (191^ frmmH fa Timk, mn 
of mxktj* nacttd to • wery coonwa macoDn AtoniiTi wen da only 
•cats# fieferito on tofimMU tenpentm* of ail ware tafan 

A nbed ttinpmtan dad oot ooaJr ia emy etm md tpptmrd to 6to^ mm 
m« mtenaity of tha wfertaa B. Tla anpentm beexna autwamBal fix day or two 
bafCae dcwdi to tb* dtotowi eaaaa. Tbo torubarim pedod to 5 agw rnrt ii waa ontOv I 
to 3 day* aftar bkiod faocuktfaa aft*rtotoctfc*i&xn Qca flto 7day», S 


d.art 


Taau \ 

waonoitu w X ratarratot a 3» X dtttma. Kfiruu wa D* **m tcM. 


Smtl 

Leecthof 

J 

; 

Relapxa.1 Dim 

■crtocid. 

Dhro 

Rcxtdl af toocatocna of 

n bfaod. 

1 

ef braja 

30 

S dayi 

R 

H3 1 lUtday 

NayitNa 

Nrsxba CiteoM No. 31) 

n 

1 

R 

> D»13rd 

Scaeiy 

Not dAM 




1 

•pwa- 






Aaatea 


n 

3 

R 

1 7d»day 

S*fatm 

Na*un tktow So. 31) 


3 

R 

! 30eh 


( Na.l»l) 

« 

3 

R 

Mb 


( No. in) 

u 

3 

R 

1 Mb 


1 Hcklto) 


* . 


30tb 


( No. IM) 


Idayi 

O 

Nd I IWiday 

NafiHra 

Nefxtrvt pdoolayNo. 40) 

n 

IT 

D 

Ta Stob 


Netdooa 

T7 

17 

u 

SMi 


feaJtiTo (klouM No. 307) 

71 

17 

D 

Itoh 


{ No.ajS> 

T* 

13 

V 

•Ut 


( No. 334) 

•» 

>0 

D 

«Ut 


No^ (kfmao No 33S) 


R-5r»mWn. D - 3: Aoaaa. 


bad mbn toofct pitfobattoc p«nod (aboot & dayt). Ratopaes ocvanci to tbotaeo aji 
f nto rtaen it twimi r tof a etto oa wiCb faidy c o ca ta at 10- to L^-dtr partodtefty Tha 
flr*t nUpae of ra xTCudr tended to la toofer and tnore lebrde than to m odfWial attack 
(H^ Voa. 9 13 and 3S, Table \'JX and m tbm caaea da moa kr y dad due to g tia rctopae 
(r^ No*. 34. 43 and 14f) Ctoly one com had non than caa rrtopoa KflK^ expenence 
with tb* Aby^aadsB alixin wwi ttoa tben am tavet moea than wngfe taUpae (bat (be 
toenbatton period to touae etoctaxa waa 4 day* and that aoraa f tha totttr protrd fatoL 
S Jofttm Urctiaai beharad Tory dlSuendy of ten mfacted monkeya, aS dtod (tea 


Tbara vta ocm eauptM P. C tdtO Aaoh aurrirad S dtttmi aifectkata arfaareaa aU 
other a pec toa dwd. 
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Tables VI and IX) Monke> 50 was treated with acetjiarsan, which cured the primary 
attack, though the fnimal succumbed during the first relapse The penodicity here (and 
in a later case) waj 14 {Ja>s Passage from monkej to monkej was successful on numerous 
occasions 

The results of these animal experiments indicate that our louse-borne 
strain cor,espondcd fairly closely with S cartert rather than wnth recurrenits 
or ber}}^ra It was definitely unlike the Abyssinian strain Companson wnth 
showed the latter’s completely different reaction in mice, rats and 
"monkeys (Table VII) 

VARIATION IN VIRUi^ENCE OF SPlROCHAETES AFTER PASSAGE 
Little variation in virulence w’as observed m the strains of the spirochaetes 
obtained in the epidemic. There was one exception This occurred in the case 
of an Arab taken off a dhow arriving at Mombasa from the Hadhramaut , several 
monkeys {eg, M 43) inoculated or passaged from his blood died during the 
first relapse, whereas no fatalities had occurred before Repeated passage 
through mice did not apparently affect the virulence {eg, M 144) With 
? duilom, however, although passage through mice was unable to prevent a 
fatal termination in monkeys {itde M 143), it did appear to shorten the infection 
in rats (199 and 120) 


Behaviour in Arthropods 

Dia ision into tick-bome and louse-bom strains appears now' to be accepted 
as the most reasonable way of classifying the relapsing fevers The experiments 
described abo\e (page 153) showed that the Kenja epidemic was louse-borne 
A further interesting point arises Recent obseraations on louse-borne strains 
b) WoLMAN and Wolxun (1945) in Abjssinia, and Chung and Feng (1936) 
in China, suggested that at no time during the c) cle in the louse do spirochaetes 
completcl} disappear and that thej can actually be found cverj' day in a 
proportion of the insects Kirk (1938), while working with the Vbyssinian 
strain in the Sudan, found spirochaetes m 15 to 20 per cent of rcccntlj fed lice 
(examined after 24 hours), thus confirming to some extent the abo\c obsena- 
tions Now these results conflict with the classical picture as described b\ 
XicoLLE, Blaizot and Consul (1912) and Chapcheff (1925), who found a 
long negatne phase (S and 11 dajs rcspcctn clj ) in the louse, and it is interesting 
to note that tlic Kenja strain also showed this ncgatiae phase Buxton (1939) 
states that spirochaetes arc found in the louse (at 28° C ) from about the 6th 
da\ , Manson-Bahr (1943) quotes the 16th dai The ciclc here was worked 
out m the following wa\ — 

I ICC wen. collected from infested blankets in a clean area (Nairobi) and 
Wire sent b\ train to Manakani where thcA were fed on patients suffering from 
relapsing fc\er 1 he\ were then returned to Nairobi and kept aliic b\ feeds 
twice dail} on oursches The first batches had a high morta!it\ and all died 

L. 
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Tables VI and IX) 
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Unlike Kirk (1938) and Robertson (Chinese strain, 1932) we were never 
able to find sptrochaetes m lice taken from patients and examined within 24 
hours 

It IS suggested, therefore, that the louse-bome spirochaetes of man can 
be divided into two groups — 

1 Spirochaetes with a long negative phase in the louse (Lice 
collected from patients usually negative when exammed ivithin 24 hours) 
Europe , North Afnca , Kenya 
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IM 


Z 8piroch»ctc» present throughout the louse cycle- (Lice 
from pstieots often show sptrochietes when cisinJniiai witldn 24 houn) 
Chins Abytsinls. 

In order to confirm tint the Keoys infection belonged to the rt otn a ta 
snd nt< to the datiom group its tmsmksibihty by ticks {Onuittodona ssowWte, 
four bitches, and tangmyi one batch) wss tested. Ticks w ere obtaiwd from s 
yesr-old Isbomory colony the njinphs w er e fed on besrily Infected pirietus 
or monkeys end were kept at 23* C. until a week before exsnuastnn, wl^ they 
were transferred to the 37 C. incubator Coxal flokl and emulsified 
all prorrd negatrre on namfrtatwm and the latter failed to infect mookeya. 
It be recalled that Kuk (I93SA) failed to transtmt tbe Abyssinian strito 
with O tmiayt 
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IianrrtTT Rtacno'o. 

Unfortunstely we bsd m our poasrssioo only two strains of spirochsetes 
— ^loai and rrncrrrwtu. Cram nnmanity erpenmeTrtj with mookeya clearly 
dIfferenUated these strains as ahowo mTaWe I\, Monkeys wbeh had rccorcrcd 
from r mmm/is infections all died when inoculated with iiallota blood, sbowmg 
a complete lack of nnmanity to the latter sprats, whilst when mocubted with 
rtturmUa blood etibcr no mfecQon or a reiy mfid one resulted, Itnmamty 
agamst the bomolotous ttram of morraCi persisted for it least 2 months. 

The rdalrrely refractory bush-bsby piurcd hnmunc to S. dKtton after 
r e co T tr y fr om S rectrrmtu infection. \Mute rats, boweref Qe rocnicys, 
showed an abseice of cross immnntty and after re co T cr y from rtnfrrmhi 
responded to duilcmi. 

Tbe consistently fatal nature of dultem m monkeys made it nnpotsiWe 

to test cross Immonlty of tha spraes agsinst entTrenUs Mice, homcrer wbict 
had le coTcr ed from VaTtan were found to respond normally to «arrr*fu 

Chex, Zu and Awneasox (IMS) found, on the contrary that cross 
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lec 

nurratei and a iberefoje obacmble only in thick drop of wet pcepmtjMa 
aod not in thin wnem, which diy npidlj 

One nwiiiey (AH) wo •pjenectofoired a fortnight after it* prfamy mfeojon 
with S rmurrtmhs. No rel*p»e followed, and a mooth later It wt* tmfrwfry i* 
to a rclapae atraro . 

Inf erted blood which had been ertntted and in which the tponchaete* were 
prcaomably dead, appeared In acino Inataocca to immmiae the animal* agahat 
the bomotegoo* atrain. A white mow and a white rat were fnocakted with 
crtrated blood from a white rat contationg many tpiTOcbaete*. No infcctioo 


TtMJ 



reauhed and the prored inttnone to re-inoculation of freah mfectire 

blood a fortrdghl later "nie erpcnmenl wu repeated, and a waa found that 
two out of fire noce abowed aiaiOar reaulta. Another mouae wt* fucecaaftiOy 
i mmiinlw i by M itiMT i e niu ampemioa, prepared by Snrt'i (IM4) method. 

MoatraoLoen 

It u well recognized that aB relapainf fe%ef tpnoebaetea re*emblc each 
other doarfy and no differeotnOBg character* appear to exat. Eiammaiioo 
by dark ground Qhunnation rercaJed the well-known cork ac rew appearance 
but in •oine human caws pneuetDy aB the orjanana t eemed to ccoiiat of a 
twitted of tiny bead* with dear apace* mteTrening (the coc co id bodie* 
a* detenbed by Thoiuo;* and Rosmao* J929). Spiroch»«e* in cmean 
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pim^ ia rajce »nd tbo ■h»eoce of * oesttiw pbt»e fai tbe kaue difrtrt&. 
tnttt the Keny* ipirodiMte frocn the Abysrakn tnd Chfa>e»e itfijia, whflrt 
It* bdanour in rasct ibo *pp«ar» to diftingQi*h h from S Wffcre. 

Cnm nom u n ity arxirn*! tnd tf»Mini**tei espoimtnt* demonttmtd thtt 
the (pLTochMte mpoosibte for the epMemic ins not .S' 

'Hio only -nBd cmerwo for separwing the )ouse-hon>e itrrittt (S. rtc*T 
mtu) »ppc»rt to be the presence or sheciM of « neg stl re phw b the km*o 
(see ptge 163) the Kenyi spirochsete hs* • pc g t tr rt phase. 

SUMhlART 

1 An epidemk of reispib^ f ergr inrolrbg the hiotertaod of Nfocibeu 
lad the Kenya Coast Is deac ri bed. 

2. There were oearij' 2,000 case*, with a 40 per cent, mortatoy b mtfn-txt 

c«te«. 

3 CoDtro) metsore* rapidly (mnduted the epidemic. About 100,000 
people were dhbfested with 5 per cent DDT powder Variota ■dfniitu f rsil iH 
step* (such as abohttoo of foneral ceraDOiues, pm enrioo of trarel, etc.) were 
tko hnportast b the cootrol of the spread of t^ disease. 

4 godcally cases were charaaeroed by the procomence of aeorological 
■yoptoms, caxdkc imtiK ' e megt, pewtire V\eQ Feia reabiofit and aef^re 
1f«Vif>« 

5. The daease waa httrodneed &etD Arabia and was of lou*e>horBe eritm. 
Infected lice were l ecor er ed from patients tod the disease was transodned 
from tbeae Bee to moakeya. There was no mdence mmmbuutg other poasible 
rectma and the spirochsete was found to be non transmxisihic by the ticks 
O Moahato and 

6. 'The behsTbor of the apirochaete tn dlferent animsh was obserred 
and com par ed with that of S itittmL Rabbits, gumeapiga, bush>babic*, wbte 
rats, white mice, ferbiHes and monkeys were fmod capaLUe of being bfected, 
their reUiire sasceptihUity bemg in the order shea a, with rabbits the ktit and 
mice sod monkey* the moat susceptible. The foOowiog obserrations are 
partictdaily to be noted — 

(i) Repeated pamge in mice was easily mamtained. 

(H) Neoratropism occurred in S dirfftaa infection* m mrce bet actreriy 
erer b renomfu- 

(hi) Rdipacs of S rsowrfam occarred in 6& per cent, of laoQktys, the 
interral between the retspse# bong 10 to 12 dsyv Rehpaes tended 
to be roctfc sereie than the onpnaJ attack. 

(It) 5 inttxmj infeetJonj differed from rraomla b bebg much more 
fatal b mockeya and moch more persistent to rats and white mice. 

7 The bfectkmi m Dee showed a well marked De tsti i e phase lasting till 
the I6th dsy hce collected from pstiaits and examined within 24 boors nerer 
showed spiTDchsetes. 
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8 No cross immunity exists m animals /except bush-babies) between 
S rectirrentts and S duttoni There was cross immunity in two out of three 
monkeys tested against a relapse strain 

9 Auto-agglutmation of spirochaetes in old infections (primary attacks) 
occurs in monkeys but not in rats 

10 Some evidence was produced to show the immunizmg effect of killed 
spirochaetes 

11 The pathogemcity of the Kenya spirochaete in man and animals 
resembles most closely that of S carteri and differs markedly from the Chinese 
and Abyssmian strams 

12 It IS suggested that the louse-bome spirochaetes may be divided into 
two groups The first exhibits a long negative phase m the louse (European, 
North African and Kenya strains) , the second never shows this phase and 
spirochaetes are present throughout the louse cycle (Abyssmian and Chinese 
strains) 

13 The pathological changes resembled those previously descnbed 
except that m three instances degeneration of ganghon cells was found in the 
cerebellum without meningovascular inflammation 


REFERENCES 

Balfour, A (1911) The spirochaete of Egyptian relapsing fever Is it a specific 
entity ? Fourth Report of the Wellcome Tropical Research Laboratories Vol A 

Brumpt, E (1927) Precis de Parasitologic, 4th Ed Pans Masson et Cie 

Buxton, P A (1939) The Louse London Arnold and Co 

Chandler, A C (1940) Introduction to Parasitology 6th Ed New York John 
Wiley and Sons, Inc 

Chapcheff, C (192i5) Les details de la transmission de la fifevre r6currente europ6enne 
par les poux Bull Soc Path exot , 18, 101 

Charters, A D (1942) Relapsing fever m Abyssinia Trans R Soc trop Med Hyg , 
85, 27 

Chen, Y P , Zia, S H & Anderson, H H (1945) Immunity reactions in experimental 
relapsing fever Amer J trop Med , 25, 2 

Chung, H L (1938) The cerebrospinal fluid of patients suffenng from the Chinese 
stram of relapsing fever Trans R Soc trop Med Hyg , 31, 625 

& Chang, F C (1939) Relapsmg fever A clmical and statistical study of 237 
cases Chin med y , 55, 6 

— & Feng, L C (1936) Studies on the development of Spirochaeta recurrentis m 
the body loi^e A prehmmary report Ibid, 50, 1181-1184 

“ Wei, Y L (1938) Studies on the transmission of relapsing fever in North 
China II Observations on the mechanism of transmission of rel^smg fever m 
man Amer J trop Med , 18, 673 

CoRi^CK, R P (1937) Abyssiman Refugees in Kenya, 1937 Medical Aspect of their 
Collection and Evacuation Report to D M S , Kenya 

^ ^ (1946) Naples typhus epidemic, 1942-43 Bnt med J , 

® ^ Species unity or plurality of the relapsmg fever spirochaetes Amer 

Assoc Advancement of Sci Publ No 18 Washington, D C 

Garnha^P C C (1936) A case of “ congenital ” relapsmg fever East Afr Med J , 

Hindle, E (1931) Blood spirochaetes In Bulloch, W and others A System of 
Bacteriology m Relation to Medicine 8, 147 London Med Res Council 



rrwi 


1 0 


, Rel«p*inj Icier med* l•ccctt adraoce*. Ti*^ Di$ AdL O 91L 

Kiwc, R. (IS3SV A Ubmton tmdy rf Ab7«inke loOK-bome relapdncin er Am^. 

tnf Mtd, Pmtsk^ XI, SWJLH. 

— — (I93St) Tbc MP-trimnilwinn of AbT»»iai»i kmic-tiegTie rrfapafaf t-wr hy ty 
Om i rWwiu J^c (r ■ J ^ cad emcki ot to r bk«cl>«Dckin(i cntuL jp ml c. lU^, tt, 

I A. iL (1931) Ueber dcs No u tw h i ^ iI^iu m i* 

Sclrcxjcn/ectJBfaw drr Rw.iiiiiiw%jln><Jklun. Arti Drrw^ Sr^ 1« (SX *10 
(Summery b 7>^ Du BaB. (1993) 1* 206 
blAMaoH-BABa;. P H <1943) Afeawt TnpiaU Dutuats Uth Ed. Loodem CmhIL 
N mn t J 1 , C> & AKuneoN C. (199^ Etoda camMjsdrt de qriri q i j n rirm r fairi ca u , 
pctbdftnM pour fbantnie. ArriL Lot. Pmti, Testis 1$ 133 
• - - — ■ (192^ Sur b aacnbtd de rideatrfbaticci ct tT*! caotriia dec ipir^ 

dkctea t fe mr a m e ouefoii a dent lea lab oiaudi ea. i4rcA. /ati. Pro. TlMt, Ift, ISS 
~— BuuziTT L. a CfTCWTL. E. (1011) Ccoditkaic da trinMiilwiai d* k fl tt ii 
r Mirrefit a per k pew. C JL Aead. Sei^ IM (Quoted by Wurroot, C. bL (IftW). 
■ " ■ » Vol. 2, 13S2) 


Roeomow R. C. (193Z). Rekpataf feaet ta flWnfacL Oke. awd. T il 0 
RaCKXDt, P (l&U) Rakpebf kiar fat Addk Ababa. EWt /, 1. llS-317 
Rockh, L. ft blctuw J W D 0K»)- Tnfit^ lAt&iu Srd Ed. Lmdm i J ft A 
CtctreblQ. 

Rg—U., U. (1933) Pitbokey ot the ^tken fat rekpaac ferer Tr*M R. Sac traf. 
Mad. Hyx U 259 

ScDTT H. B (1944) NeoTofcifttal compficatkaa a i tk f a fa n tem LmcM 1, 490 
Simt, G J <19W) TXto arroioficai dkenoas o< n k p a ioi tertr J nf> Uad 19 1 
Stmno R. P (1943) Satf Da^meab Pnpmsim mad Ttmtml af Trafiad Dimtaa. 
7eh Ed. Fbikddipfaei Tbe Btiktono O n t up e r y Lendcn H. K. Levk ft Cm, 


SlLAJrT, C. (1945) Reksabia £•»« is Nonfa Africa nd Eureipa 1943-45, Efidmu 
iMfam. &£. UJfA^ L 45SA6L 

TMcnom J G k Rmxmo\ A. (1029). Piatasaalagy Locaien R a dBft . T*d»D 
ft Cxc 

WnnOL, M.H. <1945). The tm afDDTaa ea baetajobe J R.aaaa. larL, M I 

Wrsrrcrt C ^L (1826) Pmumatatr \«4 •• L«nhw BaflUre TIadkl ft 0«. 

TTolcuic, M. (19^ Obaerratkau oo clia rahw cd L e atm ait m kaac-bena rekpabf 
Serer Eaa Afr aaad.J 31 \ 

ft WoLUA-x B atM5)- Sttabei oo the Weifca*)ad pra v e rtta o( SfkmMcta ranu 

rwaiu fai tbe EthkpMi h^b phrteau. ^aa. Uaf Had. Pm msi/ 13 82-83 



,be«. ""■'^ 

CO'^T^'^'"' 

\‘>t< 

.^r V>t'' J“" ’ 

,,c 

rn'^o'''^ Brtcad'ct 

nM^'' wvnBS^^^SptoWcm- 




\<' 


'■"’ ' .,TKrcr 

rre A'''''“’’' ’ ~ cl'"'*^'' 

irVTK)'^'^ .Cauticl. Inti" 

'n"'« »""”" "‘ Tro. «■ "’ ’"‘ ■ 

nonaid 'Tbc ®':'i'"”'"'no^omta-t" 

Elsdoa-U'’'’ jjStcc to t"P \ .ptnc 

f n ^ tt . .«•> •"””;»«"■* » "’' '“'■ 

B\aclt,^ Tmntt'"'^ t the 

Gelland , _ ,n(lucncc of i , , v alo-: 

VJoodtun. ^ 

KTaSOl3^CEMt>‘T^ ' 

^ ° «t..o o. 

or mrot.3 

rcuo"f‘ 't I'* 

p^rt MrMt.r’OO"’’ 

"" .sor^teSoctm 

,„,cK-tio-s or 

-ortcr^ 


,BiMr«t> t.t 



®moLOGICAl disturbances 

IN HOT CLHiates 

1° *° fcnictf h. .L- .. . 


*5"*“ «^wi«^rrL. **”"■ 

^bemrva’ compound 



o«»Wo« u. ^ 

”»** i*> P « ni w th, 
th, thrt, 
i<v-Uo« lad ^ 

•< tw 

' Mia B nofia. 


ROCHE PRODUCTS LD.ITED ll^LUTI. CAPn ““ ’ 

«-yyw Kwo oLAioow wi 




^ 4 . 


^tion 


AfianJ proTldef ts eTawJauIlr ttiUe nrrr,Ut 

pare medlcfaj mioera] ^ 

portfied MhSte pfamoJphtlafcin pr^ 
•tlnrolrta perfctalii, TVorTTZji^™ pn»ait 

^#Sa."S5S 

agarol 

niLIAM K. WAUNtR A ro •».. 



rri^ Mf Hi uka ^ 


»A«NI|< . CO ITD roniK 

n-Bcp -«'"» 


*OAD lONDON Wh 
Tr r» CTTtrrt 


The previous nunther of these Transactwm, Vol 41, No 1 
teas pubhshed on Septettibei' 25th 1947 ] 


Transactions 

OF THE 

Royal Society of Tropical Medicine 
AND Hygiene 


Vol 41 No 2 October, 1947 


THE 

FORTIETH ANNUAL GENERAL MEETING 

of the Society held at 

Manson House, 26, Portland Place, London, W 1, 

on 


Thursday, 19th June, 1947, at 8 p m 

Dr C M Wenyon, cmg, cbe, frs (President) 
in the Chair, followed by 

Sir Philip Manson-B«lHR, cmg, dso, frcp (the neu President) 


BUSINESS. 


Report of the Council for the Year ended 31st March, 1947 

The Hon Secretary, Prof N ILvmilton Fairlei, presented the Annual 
Report, which had been circulated before the meeting to those present He 
spoke of the \cr) satisfactory nature of the Report gencralh 

The President asked it am one wished to make any comment on the \nnual 
Report 

Dr L E Napier 1 think this Annual Report is extremely satisfactory 
as far as it goes but it is a little disappointing as a Report of the Council I 
feel that in these democratic daas the members of the Society should be taken 
more into the confidence of the Council There are many Council mcetinss 
throughout the year, they are well attended and sometimes go on so long as 
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to nuke lU t little lile for oar dinner ■hd I cmnot bdicre the entire time 
»pcnt oo deU3» of -wtirtber the meeting thaH be on the fint, •ectnd or third 
Thumliy of the monlL Beyood thgt there ire of coorte the rum#f oforoptwed 
new FcDowt which will no doabt t*kc tome but not i gmt de*l of tW to 
cormder TTim thoold I«*tc t contidenble nurgm of ttm^ for (DkomIoo « 
the policy of the Society 'ntere wm ■ meeting ebout 18 montht tgo, tt which 
I wtt honoured by beir^g nked to opca a ditcimion on the toKhing of tropiaJ 
mcdidoe. It wu i very interotmg dacuttion tnd many people took jwrt 
in it. I made two ^>ecific propoaala and, ahbough many people differed with 
a grut deal that I taxi, nobody dnagreed with thoae propoaali. At the 
end of the meetup 1 beard that the Coui^ would ditcuai the propoaala, bat 
from that day to thi^ the only alhialoo to them that I know of cooaiita of two 
Unet in laat year a Animal Report The Counefl in Febrtmy appointed a 
Tropica] Medicine PoBcy Committee with Dr Gccotoz MAcnojULo at lU 
Secretary " That ta the only reference to that dbeuanon on that particnlai 
mbject trhkh has been gn-en to the roembera. T peraonaDy have not r ece v e d 
anr other Informauon beyond thia. Ue do not know who the mnbera of 
the Committee were we do not know if they ever met, or what they dtaettaaed 
or deaded. If they never met the memben abouJd at leaat be tcid that tbe 
whole thing haa fallen tbmugh. But perhapa there were many mectinga. 

My aecond point hu r efere nce to the Aliia of the Q uJ e ly aa uprtaaed on 
page 1 of the iw BcoJt, (Thta red book a incidentally the most vahahle book 
pohlabed m conneeooo wrth tropnl medkioe beaitae it contama every b od r*i 
addrm.) Tbe fim tun of the Society a aet out m a ihert paragraph to 
stimulate *“ enquiry tod reaeareh into the cause*, treatment and pmentjoo 
of human tnd ammal diaeaaea in w arm clhsatea by faeaHtatmg the pubGcsttoa 
tod dltatfBioa That a fulfilled admirably by thh So d ety better than 

by any other Society to tbe world. The Amcncan Sodety of Tropical Medicine 
a m a lea* fortunate position in not having a bcadquaiten Hkc we hare. They 
cannot have frequent meetinga like we have here. Tbe papers read here are 
mott valuable and the dacuasicni* that foDow are often more valuable. But 
I fed that the Sodety could do voy much more with reference to tbe aecond 
point suggested In these aims, that n by ptromociog social intercourse among 
■caentific workers m all parts of tbe tropical world. Members of Council 
cannot rush off m aB direction* and encourage aodsl intercoarae amoo| 
aoendfic worken througbout the world. But they coaid do more than is done 
now m encounguig social Intcreourae amongst tropical workers when theyirem 
thk co uuUy Those of o* who live in England ctyoy these meetings very mocn 
indeed. We meet here once a raooth, and suxee I hare been in the cooutry 
I hare not misaed a single meeting mtleaa perhaps the first one because I wn 
not in iim.- to recore tbe oouce. wtE do we do for Fellows stDl 
engaged m the tropfc# ? Ooe doctor here tonight came home 10 day* sgOi 
fust m tune for thh Annual General Meetii^ There wiD now be a blank of 
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ooe occuum, btft the trouble n th*t aanj of os are too boiy to derote more 
lime to the Society I sometiiDe* fed that I hare deroted more thrw^ to rti 
•errke than I Aoold hare -doncv hanng been erer since 1920 HoDOcary 
Secretary and finally President. 

Dt 0 Cannkhtd Low In answer to Dr Napub, I migfat poios oat 
that when we got this henso and mored from Chandot Street the idea srts — ft 
wa* my idea certainly — that we should hare a ce ntr e for tropscal ntedsnne, 
and cTcntnally would dere l op part of Mansoo House as a ejob wfaere 
wben they came bottle from abroad could stay for a time and nvrt 
other frie nd s. Vie tbooght we nugbt give them bed and brtikfost and other 
fadlitKs, but at the moment sre did not hare tbe neceaaaiy money to cany 
out such a plan. We hare been aO tbeao many years tr y ing to off our 
ddA, which was coosKlenble, and I am happy to say we paid h eff h 1945 
but to Bccomphah this we had to let aomc ^ tbe top fioon of the hitfldmg to 
as to get tbe neccaaary foods. We have djacuaaed many tunes whether v« 
would, wben we pit enough money dertfop pan of t^ boose ss a cfob 
where we could have a c er t ain mmibcr of roozns where men could, « I bare 
said, stay for a tune wben they came borne, and tha poaaibflity atlll exIsU for 
the fotixre. It cocta money to make tbe necesaary altentioDt, bow erer and 
thjft u how the matter stands ct the momeot. As regards men knowing who) 
other men are hotne, if you look m tbe Thaieucnorti you xriD hotke that for 
a long tlm# there bare been hats of FeOowt who are borne on leave. Any mro 
wfao com es borne from Nlgmt. aay may lo^ up this bet and tee that Jones 
or South U here. He can then drop a fine to htanson House and it wiQ be 
forwarded to South a home addrrsa and ao put them in touch with each other 
Dr Nafcx a comments are wefe o sne but art not entirely fair as Dr WnfTT« 
has —Id I do not thmk I have any need to say more. I have rrpbinfd tbe 
pocitTOD as h ii sod what the future may bring J hmk there wffl certtmly 
be furtber devdopm ent a u tbe years pass by 

Prof George tfaedoatU Smee my name has been momooed, perhaps 
a word of peraonal erplanitlon ndgbt be justified. Diuhig the diacuMlaQ on 
Dr N*PJi»i pape*" on medictl education, I poggeated that we might bare 
withm the Society some orgaaitation for the formulatam of cd oatt kaul 
and other policy ■ at^sgottwo which was later considered by the Ccamdl 
and implemented by tbe fortMtioo of a Policy Coiminttee. There was coemder 
able delay m e<irmg a meeting of thia Coaunrttee, but it did roeel and dwajsted 
the geoeral framework of poBcy in tbe teaching of tropical meAcme, and though 
k did not irkf any executive actioo it was of some uae in that rt aerved as a 
pwm of exchange awl co-ordioatioo of ideas be t w e en memben of tbe diffetert 
It has aobaequentlf expired with tbo expiry of the old Council, and 
the question of wbether it should bo r ev i ved is one for tbe new CwmdL 
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btrdy out of the w*r the Its munber of tbo Tuxiicna’O >vf^tt j ped 2J8 
ptgo of lot ind cert orer £450. He thoufht thb njtrrtlkiio tad it iboold 
be remoabaed tint the cort of printing, blockt tnd ptper lad gone op 
cDonntntly It wu to be hoped tb«t apeoditure tlong thoee Unes tad rached 
rt* top The Soocty wohld hive to e*rn Mane moaejr daring the few 
yetft before Irirwh log out on tnytidagqtrt. Thenu^ori^oftharFrilotrt'Ktre 
tbrotd tnd be feh thtt the SociBty*e more utefuJ poDcy wo to gire them the 
bert It coold for retdmg m hltlv^ Wert Africa or wherercr they nright be. 

Before titling doom be woald l&c to tgtln on tbc grcit he 

had thnji r re ov ed ti Trennrer tad prorioot Tretaoren would bear bln 
out m thit, from the Sooety** former Seijetary Mi*a ^^Eirrcrr who had been 
the Tight band Trr«n of the Treaturer By wittchang the iffairt of tbc Society 
getting thing* done ecoeumucally cnttiag down nttrOeat cxpenditme, the 
0 red the Sodetj an caonBom amount of mcdiey 

Dl W E Caoht propoted the adoption of the Ti mujcr ** Repeat. 

Dr H K HAUMhall teconded the reaohrtion and it wu carried. 


Eumat Of thi Aroir CoorM i T ia. 

The ProildeDt The Audit Committee mnrrti cf three Fdkm of Jbe 
Soaety who are not Memben of CoundL They meet and eoctuder the 
accounta when theae are drawn op by tbe aoditor*, beep an eye on thing* and 
aee that ererylhing w aborc board. pr ea ent merober* of the Audit 

Committee are Dr W E. Coore, Dr J C Biooii and Dr C. A. Hoak. 
The»e gentlenjcn, I imderrtand, are wOImg to aerre again. They are eligible 
for electkai. If tomebody would lie lo propose tbeir election, will be do m». 

Sir LEOXAjm Rooks* proposed this. Prof H. E. Siiorrr seconded the 
reaohitKai, and it was carried. 


ELKcnoer or Pranjcrr two ^ fct p»K*njiKT* 
axD Twewtt Coo’iciux**. 

The Pmld*nt Dr C H Wanyoo, then announced the resalt of the 
Ballot u follow* — 

PrmdfiU 

Sir PhJUf ‘Mawn BtH*. CLM-O, DAa »uj fJLcr 
I’icWVestgeiri 

P A. Bcrrcrr cjlo., ujlcj.. ULC-r DT.ii a il fju^ Professor 
R. M Gowxcf OJX. iLD., r.».c,P., djm. d Professor 
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Councillors 

A R D Adams, m d , ch b , m r c p , d t m 

•John Bennet, md.mrcp.dpm.dtm ah, Brigadier (late R A M C ) 

J S K Boyd, obe, mb, chb, dph, dtm a h. Brigadier (late 
R A M C , ret ) 

C C Chesterman, obe,md,bs,mrcp,dtm ah 
T H Davey, obe, md, dtm, Professor 

N Hamilton Fairley , cbe, md, dsc, prop, frs. Professor 
•Cecil J Hackett, md,bs,mrcp,dtm ah 
R Brunel Hawes, mb,bs,frcp 

E H Verb Hodge, c i e., m d , -f r c p , Lt -Col I M S (ret ) 

W H KaUNTZE, CMG,MBE,MD,CHB,DPH, FRCP 

*E M Lourie, mb, bs, dph, dtm ah 
George Macdonald, md, chb, dph, dtm. Professor 
B C Maegraith, m b , b s , d phil , Professor 
•A F Mahaffy, cmg, mb, dtm 

*T C Morton, obe,md,mrcp,dtm ah. Air Commodore RAF 
F MuRGATROYD, md, dtm, FRCP 

H E Shortt, c I e , M D , D sc , Col IMS (ret ), Professor 
Sir John Taylor, cie,dso,md,lld,dph, Maj -Gen IMS (ret ) 
*F Norman White, c i e , m d , IMS (ret ) 

Charles Wilcocks, md,chb,mrcp,dtm ah 

• New Nomination 

The President (Dr Wenyon) We now come to the most important item 
of the meeting, the mduction of the New President, to whom I shall have to 
hand over this Badge and Cham of office It is unnecessary for me, I think, to 
review in detail the proceedings of the Society during my years of office 
They have been reviewed to some extent, I cannot say m great detail after 
what has been said, in the Annual Reports for the two years of my term of service 
This period has been one of clearing up after the war Most of the structural 
damage to Manson House has been repaired, though a recent payment for 
war damage is responsible for the small balance of £38 compared with one 
of over £800 m last year’s accounts Felloivs will be glad to learn that this 
payment is largely, if not entirely, recoverable from the War Damage Commission 
On the subject of Manson House I am again reimnded that the debt on Manson 
House was liquidated in May, 1945 The securing of this house for the 
Society 18 a notable achievement, and I am proud to think that Manson House, 
purchased m 1931 dunng the Presidency of Dr Carmichael Low, when I 
was one of the Honorary Secretaries, was brought to completion dunng my 
term of office Dr Low was one of the most active agents m starting the 
scheme m 1923, and one of its most ardent supporters Tlus elaborate rostrum 
where I have been standing for the last tiw years, was a gift to the Society from 
Dr Carmichael Low 
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Daring the w the Sodety loct torch with i l»ge number of Fcflowi 
— •ome of tbe» hid chedl, other* vm pmooen of wir whOe m*!!© h*d become 
OQT ezMmfet. Wkh the teroamilion ^ hocrihtki ictire effort* irert i- to 
re*ume contict with Icat Fefkm* end, ifter i *uffidcnt wirtlng period, ft ma 
finiUy dedded to remenre from orc roD ell thoee who tad dted , ind gl 
whom no new* could be obteinod. The reeolt ww e jodden fill m the nombm 
on our Ron from 1,633 m March. 1945 to 1,545 m Much, 19W. lou wiH 
»ee from the Annual Report thit et the end of Merch, 1947 the number 
hid raeo td 1,646. During the part 2 monthe more Fellow* here 
been elected, end whh the otndtdett* whoee nemes I tec on the Agenli of 
thk evemng * meeting, ill of whom I tnirt will be elected, the grind total 
ii now w ell errer 1 720 elmort e record figure m the FeUowaUp of the Sooety 
I think ycu will tQ agree that m epite of the many dtfficultiea broug^ 
about by the war e^>edilty the rertnctl^ placed npon paper to be uaed for 
publicatton*, the TuAwiAcriorti here maintuned th^ high (tandanl Two 
Tcry notable ecenta m the* conneetton may be mcatiooed. The fiirt waa the 
taaue of the Me*som CexUrntry cootuniog a colour reproduction of 

^ oung Hunter a portrait wiuch hanga in the FcHcrwa room. We arc Indebted 
to Lady MAXKcr BvHi for the gtfr of thn pamtmg The •ecood erent wa* 
tbe pubbcatxm of the terrea of report* on the cheinMherapy of malana earned 
eot by Dr HattiLTOrt FanLLrr and tn* coOetgues at Cainu in Aartnba. Then 
u no need fo^ me to ctrea* the usportance of thi* work which t* wtH known 
to u* aH. Tbe way h wa* earned out, and the manner m which it b reported, 
aboold rtSTc a* a model for aQ tune aa to how aueh an irmrtigaticn by a team 
of wotken ihould be earned out The Society ha* indeed been fortuaato 
m MCurutg the publkmuon cf tiua work in it* TRAWumortx. Ai 1 bare 
remarked, there bare be en chfficoftiea In pubbeatkm owing to laboor and the 
ptQ>cr abortago, bat recently rertnetJona hare been relaxed with tbe rendt 
that, ca the Treasurer haa aald. the (art Dumber pubhahed t* the largest number 
of the TRAiOACTiccei erer isaued. Tbe Socirty t* much indebted to tbe m*oy 
Fdlowa and other* who hare acnl in paper* for pubUcatioo. Tberc it a 
aomewhat fomudahle accnmulation of tbe^ but we arc now makuig creiy 
effort to get them to preai a* *000 aapoaaible. In thia connectroo I may perhapt 
be if I tak thoae wbo eend pwper* to the Sooety to nuke them a* abort 

aa po^ible. \\’ben once a paper bu been put together the aatbor ahould go 
ocer it again very carefully to »ec if anjthh^ can be left out or if what hat been 
said in two tenttnee* cannot cqusQy well be *aid in one. Farthermote, it 
appcari that tometiraet there it a teodcDcy for autboct to copy out their laboratory 
note* and present them m table form, when perhapt the whole table could 
be rttohed into a siogie aeotence. Table* were ilwiy* very capenalre to pnnl, 
but in theae d*vi they arc eoraetfme* prohibitiTe. ^ou will forgrre me for 
making tbe»e auggestlcMi*, but a long erperience with paperi preaented for 
pubDcatlon ha* thown rue that a hole more ore by the author before hit paper 
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charts or drawngs are presented, will be to his advantage in making early 
publication possible Durmg my two years of Presidency I have received the 
constant support of the Honorary Secretaries and the Treasurer Dr Hamilton 
Fairley, who was Honorary Secretary with me before the war, continued in 
office though far away from home Colonel Drew, now m Baghdad, acted for 
Dr Fairley while he was away, and when you did me the honour of making 
me your President, Colonel Drew was made Honorary Secretary in my place 
In 1946 Brigadier Fairley returned and resumed his duties as Honorary 
Secretary Soon after this Colonel Drew left on his appointment as Professor 
of Medicine in Baghdad He resigned the Honorary Secretaryship which he 
had so ably filled, and Brigadier Boyd was elected in his place To all these 
gentlemen, as well as to Dr Marriott, the Treasurer, I owe my thanks Dr 
Marriott, I hear, is resigning the Treasurership, and I am sure you will wish 
me to thank him for his long years of service m this capacity He has the 
advantage of having a foot m the City, and we always trust him when financial 
matters are under consideration I hope we shall be just as fortunate when 
we elect the new Treasurer I also, personally, and the Society as a whole, 
owe very-much to the staff of the Secretary’s office The work of cleanng up 
after the war has been very arduous, but it has been earned out with cheerfulness 
and efficiency, and I think I can say that the work has never been better done 
than It IS now under the leadership of Miss Hopper, who has been appointed 
as Secretary m place of my sister, whom you all know so well, and who has 
recently retired Miss Hopper, and those who are carrying on the good work 
under her, have the advantage of having worked for some time with my sister 
I sometimes wonder whether the Fellows of the Society know what the Society 
owes to Miss Wenyon, who for so many years has served it honourably and 
well You may take it from me that she is a remarkable woman (Applause ) 
Some have even gone so far as to sUy she should have been a man She is just 
as efficient and thorough whether she is ponng over a paper for pubhcation 
m the Transactions, peering into the corners of Manson House to see if it 
is clean, intenue%vmg callers, seeing to the very extensive correspondence 
w'hich our long list of Fellows involves, exaimnmg the boilers to see if they 
really leak — even stoking the fires — or studying the finances of the Society to 
see if money can m any way be saved, or whether insurance societies are paying 
up properly, and, aboNe all, making the Honorarj' Secretaries and the Treasurer 
carry out their respective duties Everything has been done mth an extra- 
ordmaiy efficiency, and it is not saymg too much to state that the success of 
the Manson House scheme was largely due to her enterprise and understanding 
It was a great blow to us all wffien she decided to retire last March, but I am 
glad to say, however, that she has been persuaded to continue her work on 
the Transactions, for you may take it from me there is no one more com- 
petent to prepare papers for the press Whether I can make any other claims 
to distinction or not, I can at least claim the honour of being her brother 
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Dnnng iny two jeir» of office we hare k»t by orw forty 

FeO<jw»,*mocgttwfKma mere two Pitt Pre»id«iU.PTOf<»»cTj W W STtraca 

«nd Coioiid S P Jaict md Pro/ewor Sdim Fusxis, Hot>cnr 7 FeDow wryr 
1921 We ilao rtcerrcd ocin of the death orer 2 yon tjo, of two other 
^aoociry Fdlow*— Profewor Jcuta Mucwsiso, of XTcuim, tnd Profeawr 
Bewhud Xocht of Hrmbtrrg 

Receotly Profcmor Eooete PATLOTttT PnrfeaiorofZoolofytttbeActdnny 
of S d encam, Moecow md foreroott pmmfrologlst In the U 8.8JL, ww elected 
tjl HoQortry FdJow 

1 most now proceed with the busmesi of handing orer this Bidgt and Cham 
of office to my succcsaor Sir PioUF Miwaai Bahi. It u quite mmw». ^ ry 
for me to uy anything by way of lotroductton of one ao well known to us iQ. 
I am sure he wiQ 6U the office wtoch I ewcate with dstioctKm tnd with pride 
for 1 see on the first hnk of this chain the name of bn iPuttnoua ftther-in'liT 
Bit Pat*ici Minacrv the first President of tha Society 

The retiring Pretadent then toeeited So- Prautp Man»ob Riul with the 
Badge md Chem of office, md ovdoaed him to the chair 

The PreiMent (Sir PhlDp Btnaon-Bahr} Dr IVcsrcut ladie* and 
gentiemeo, FeQow* the Society md fi^cada, it h hardly necessary for me 
to tay how honoured I feel c being deeted to this ngust poaitufi m fuecesaicB 
Co my ofd friend. Dr l\c<TOV who has brought me up b t be way I should 
fo for I fed that I am a child of this Sodety as 1 bare been reared m It abce 
1909 My old friend, Dr CAaLUtctuiL Lov baa also kept tne in the strait md 
narrow path. I will, of course do the best whfam my power to promote the 
Interests of the Society md girc you ss good a spin as I can for yoor money 
ahhougb I cannot expect to reach tb« sundard of Dr Wcxrccf wboae scientific 
shoes I am not worthy to unlace. When 1 think of my predeemors, Sir 
PATRicr Maxkti Dr CAJfMicHAn- Low Colond 3, P James, Sir Rrauum 
OmaTOPHEKS — the last of nbom ne are glad to see here tonight — md of those 
others who bare left os for aiwtber world, I feel rcfj bumUe. I hare bad a 
little Irsming for this positiOQ dunng the hat year as Preisdcnt of the Medical 
Soaoty of London. This has taogbt me a great deal nbch I hope to bnng 
iiito practice over the next 2 years 

I «>v^n tww announce the narrte of the third Mce President, as I tm permitted 
to do by the Laws of the Sooety I thouJd like to appoint my fneod, Profetsor 
H E. Shobtt whom you all know as iny Yrce-Pmidenl. 

J now come to the most loaportant part of mv new fimctioru ft fa the 
presentation of the medals. First of all the Manson Medals for the years IWI 
19M and 1M7 two of which ha« been awarded in retrosped. 

Tbc Manaon Medal for IWl has been awarded to Professor EinuBwiffT 
It bad been hoped that his son. Dr LrciCt BtuMiT would attend and accept 
the for bs father but this he has not been able to do, and Dr Hcrrost 

will reeme the medal on behalf of Professor Batnirr 
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To all of US here the name of Professor Emile Brumpt is a household word 
He belongs properly to the Old Guard of Tropical Medicine, though he is 
equally at home with the nen He has adorned almost every page of tropical 
medicine for the last 45 years Apart from his original researches into every 
aspect of medical zoology, he is best known for that compendious book of his, 
the " Prcas de Parasttologte’* which for many years has been the guide, 
philosopher and friend of every serious student Indeed, it remains as bright 
and fresh today as uhen it first saw the light over 40 years ago 

Professor Brumpt has given us a new term for our medical dictionary in 
xenodiagnosis He has been a wizard in perfecting methods of rearing insects, 
especially ticks, in the laboratory One of his last and most important services 
has been the introduction of Plasmodtum gallinacmim, the malaria parasite of 
fow'ls, to laboratory workers and which has thereby shed so much light on 
the life history of malaria parasites in general and their therapeutics in particular 
Professor Brumpt has always declared himself an admirer and follower of 
Sir Patrick. Manson, and it is therefore appropriate that he should be the 
recipient of the Manson Medal for 1941 

The medal was then handed to Dr Wenyon, who said that Professor Brumpt 
had wTitten asking him to say that he had been most surprised and happy to 
receive the news of the aw'ard in March last Professor Brumpt had asked him 
to be kind enough to interpret to the members of the Society his thanks for the 
flattering distinction that had been accorded and to report how verj' sensible 
he was of the honour 

The President It is most fitting that the Manson Medal for 1944 should 
have been awarded to Sir Rickard Christophers, a former President of this 
Society, one who has done so much to forward its mterests and one w'ho hat 
trodden so closely m the footsteps of the namesake of this medal 

It IS mainly for his devoted services to scientific medicine in India tha* 
the name of Christophers is best known This name is always aBsouatcj ar 
our minds with that of our late beloved Presidents, Colonel S P r— > 

Professor J W W Stephens, w'ho were his close companions and coLarnra r~ 
over many years 

Sir Rickard’s investigations into malaria in India arc claEcrr. — ' ' 
numerous and authoritative papers will constitute landmark a: m'jzr •- 
for all time His zeal and enthusiasm are clectrnial xr;- 
present time, for he is still an active worker His 1 ncrricrr r'" 

IS stupendous and his contribution on this suhlec* r ls- rr" _r r 
generally acknowledged to be outstanding V't kl r - - - n - ; 
gentleness and humility There is no one ^ zz' 

Medal than Sir Rickard, w'ho has comrlc-er - -rr ^ ^ --- 

had begun ^ ^ 

The President then har.der; -uir ~ — ^ 

Christophers 





m 


aucdal cejtnuL uarwa 


8lr RM tl f d Ariitoptten Air prcrident, Udia tnd gentiema, to tbe 
worker In trc^iol medicine there t> no h%ber honooi thin the Mmion Medal 
of thii Society tnd I tm deeply conacious of the honour yoo htre dfow* me 
by confwnng it upon me thhoi^ it b ■otnewbat endwritung to find ooeaeif 

00 1 hit of otmet loch u that of Sir Ro:(Ald Rom, tnd eren more embtmtring 
when yoo htre to tty tometfaing tboot it. I looked op the TiuaAcnaa 
to *ce whet those who bed cotne before me fatd done tboot it, tnd I anr thit 
tome hid ttld Dothli^ at iH I thought that vt* getting oat of it nther too 
eoQy tnd there tre ooe or two thingt I eboold Qe to tty I egppoa c T tm now 
one of the few who htre seen the growth of tiopictl medjcma, tnd capechdly 
the great dcrelopmectB in the ctudy of maltrit from the begincisg The 
cDormoQt exptnakm of thit has been t remarkable thing to wimeaa. Daring 
that time I htve comb in contict with many wutktn in my own tod other 
aubjecta, and I ahould like to say what great plcasore and profit and i mrcb else 

1 bare had £rtim those amt acts. Some of the wor k era 1 tm speaking of are 
here with us tonight Etpedslly here I been saaciaatcd with Pn>fi»sor Smsixs 
end with Coload Jamzi, tod h tt a great aorrow to me that neither is present 
here tonight to see me get t be meiial. 1 am sore they would hare been 
pleMed. In tha aort of awtn-soog I might also mesmon the Semce to which 
I bdong, the Imhsn Medsctl Semce. That S em ce has girat me almost a 
lifet im e of onexsmpied freedom with great e ncrwTag tment and ahrsys with 
cosbdenitioo. Agm I thmk I ahould Qke to ixy how moch life and work 
in the troptca has meant to me. I would not cic ha ngc my uperience of all 
tiie wonderful things I hare seen for anything else on earth. Finally 1 wtuli 
like to thank my propoeer and seconder and also the Coundl of Sodtfy 
for granting me the medaL It a not only the hooocr that h coofen upon 
me, but ft carries a Toy friendly feeling frooi the FeUowi of the Soorty and 
AGas ^V£TtTrc^ and b a great pkarire from that point of riew 

JThe PrtaUant (Sir Psrur Mansov Bajib) The Mansoo Aledal for 
IS47 has been awarded to our rery tnuefa bdored former President, Dr C. ih 
WErrTON 

Dr Wektom Is the most distinguished protoxtxdogwt In the wotkL TTat 
has be«i sbtmdantly re cogmi ed by the bestowal on him of the Tlieobsid 
Smiih Medil of our riiter Societr in the United States. 

Honoort hare been showered upon him recently and nghlly so, for Dr 
WcrrcTT was one of ‘MA.'fscrr’s first popilj he was caught at an eariy age and 
was almost the first ifl this country to undertake protcaoology as s special 
subject. \Vc must sll agree thit the cboico was a Tcry wise one and that cstf 

first President, m pickmg oot Dr Wzjtro:* spotted a wmner Ua^PrvtosPokty” 

if t vwy great work and ret nam s ibc standard book on this sul^ect thtoughoot 
the whole world. 

There is hardly a protcocil disease which has nc< been athaneed by hb 
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work or on which he has not bestowed some original contnbution Not only 
IS he a great protozoologist, but his particularly wise and level-headed counsel 
IS sought on aU manner of subjects and those who, like myself, have watched 
him preside, as he has done for many years, over the destimes of this Society 
■will recognize how much Manson House owes to him, for in actual fact he has 
been one of the chief architects and mainstays of the Society We know, too, 
that he has been ^ways a loyal admirer of Patrick Manson, and therefore 
there is no one more deservmg and fitted than he to receive the Manson Medal 
for 1947 

Dr Wenyon (on receiving the Medal) I have said so much from this 
end of the room of late that I think the less I say the better at the present time 
I want to thank you. Sir, for^presentmg me the medal so graciously, and the 
Council for forw'ardihg my name for it and giving me this high reward When 
I look at some of the holders of previous medals, such as Sir Rickard 
Christophers, I think I had better be silent and sit down 

The President The last medal to be bestowed is the Chalmers Gold 
Medal 

Dr David Garnett Davey has been awarded the Chalmers Gold Medal 
for 1947 He is the youngest research worker to be the recipient of 
this medal and probably, too, m the comparatively short penod he has been 
engaged on research he has accomplished the most fundamental and 
distmguished work 

Dr Davey has the great advantage of having graduated as a zoologist, 
and his traming, first m Cardiff, then in Cambridge, and later m Boston, 
USA, has stood him m good stead in preparation for the great piece of 
research work for which fate had destined him We now know that it was 
to his clear thinkmg and courageous attitude in definmg his- goal that the new 
synthetic biguanides M 4430 and -M 4888 (paludrine) were elaborated by his 
colleagues, F H S Curd and F L Rose, in 1944 These three names will 
be for ever associated m this aU-British venture Possibly history may acclaim 
the discovery of paludrine m the same breath as that of pemciUm and their 
collaboration as close and distmguished as that of Fleming and Florey It 
is clear that Britain still contmues to produce scientific wdrkers of the front 
rank and there is no cause for despondency when we have men like these to 
pomt the way to fundamental discovery It is therefore most appropriate 
that Dr Davey should be the recipient of the Chalmers Medal for 1947 and 
with this we must express the hope that he will long contmue to contribute 
towards the ever-growmg list of miracle drugs m the conquest of tropical 
disease 

Dr Davey Mr president, ladies and gentlemen, I am deeply sensible 
of the honour the Society has done me tonight in awarding me the Chalmers 


1»4 


AXCDAL cncnui. vrrrcrc 


McdiL I do TWX TOit to m»kt ■ loog *p«ech, but I ibould lie to teQ joa 
boTT much I hire benefited, lo ray work on tniltrut, from hinnj toch ertrcindr 
iWe coHetgua ts Dr Ccsd «id Dr Rofc, wbo were rwpocjoble for tie 
•yntbetk chenucal iWe of the work, and how touch paludnne itaeif benefited 
from the wort which Profeaaor tAHtt*T did at Cama I doubt rery much If tie 
Chaltnen Medal would hare been given rae tonight if I hid not b^ fortunste 
enough to have had auch coHeaguca. 

I should ha>-c many veara of life left to winch to do roearch, and I 
hope 1 wdQ be able to derotc them to the aervice of at (e**t aotne aipcm of 
tropKi] medieme. I wQl tty to make those yeara worthy of the Chihnen 
Medal and of the trust the Soctetr haa placed in me. 

Thl PratUinl There ate one or two word* I wrxild lie to add as the 
new PimtoxsT that i to asy how praud I fed at having these two ritstlngoisfaed 
gentlenKii as Honorarv Secretaries of this Booety I fuUy reahxe that we hare 
two men here who hare done outstanding work m rbe last few years In hdpmg 
US m a great measure to wm the second of the greiU wan of this centory 
Therefore I fed very bumble m sitting in this place between two auch stars 
one on the ngfat, the other on the left. Pnsibly 1 fed, toe, that they have 
not yet le c e i ved tbe foil meaxd of tbesr grtat aerricta to bnsnanlty 

Thicoochideache AnnaalGcBeral Meeting It w£D now be aucceeded by 
an Ordinary Meeting at which my (ncstd, Bngadier Sncirr Sutth, o going to 
show yen aome beautifol pbotographa taken b the coorae of tbe war and, as 
I hara to leave to keep a loog-atanding etigagcment I arill ask Dr Wknrtrt 
to restune tbe Chair 
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PAPER AND LANTERN SLIDES 


PRISONERS OF WAR CAMPS IN THE MIDDLE EAST 
AND THEIR MEDICAL PROBLEMS 
By 

Brigadier SYDNEY SMITH, F R c P , late R A M C 
(Precis of Paper ) 


Brigadier Smith first outlined the arrangements for the collection and 
accommodation of prisoners of war, and described the camps in which they 
were incarcerated, particularly the large base camps m Egypt He emphasized 
the necessity for choosing the right type of personnel for the camp staff, and 
gave an account of the camp sanitation and of the methods adopted to keep 
the prisoners as fully occupied as possible Many lantern shdes were shown 
to illustrate the artistic talent of the Italian pnsoners, who constructed, from 
the most primitive materials, numerous models and statues which adorned 
the open spaces of the camps, the high-light being a reproduction of Eros 
which occupied its traditional site in the “ Piccadilly Circus ” of one of the larger 
hospitals So realistic Mere some of these models that a photograph of a tank, 
taken by Brigadier Smith, was at first held back by the Censor because he 
considered that it might dumlge important details relating to a secret weapon 
of war > 
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Bnfidier Smith then gxTC in account of the mwlical t ti ng <>t rwntf £n ibe 
campi, tnd pointed oat the danger whfcii ciirted, pirtJcakrfy fa the eirlj 
dayi, of cpidenno of typfan, enteric feren, and dji^tay After the 
we •tibOiMd, each cage " waa nnder the charge of a loedica] officer tod 
orderiKi of the tame nationalrty la the pruooen, who were retponriUe f« 
dupenaary treatmart and for KXiding the more aerioot to the camp 
bo^ital which ww commanded by a Bnthh medxaJ officer aariated by a ataff 
of prboDen. From the cait^ hoapitil paticota reg nlrlng apeciahat treatment 
or miraing fadhtwa were trxnaferred eitber to an ttfloinmg Bntoh General 
Hoapital or to the P O \V Section of a Britlth General HoaprtiL 

Deap to the dangen inherent m the preacnce of tbeae crowded and faituDy 
lotiay commumtlet, the general hcahh of the mmitca remained reinariibly 
good and the tpread of mfectlcrat ditettea in anything like epldenuc propertloot 
waa ahnoat non-inatent, Ahbough there waa a tendency to attribute many 
cooditiona which derekiped to dietetic defiocDcy there wai, fa fact, reiy little 
true deficiency dtaeoae. The dlagaoila, bomeitr wu a firounte one with the 
priaonen themadrea, ai it entailed more libera] raltont. The only aignificant 
cjutbietka of defioency dheaae were encountered among Libyan priaonen, 
who auffered from a moderate ootbreak of acurry ahortbr after their ctptorc 
in IMl feaultmg from dietary dcficlcncKa pner to capture In IWl tbcK 
aame pnaonen avdered from an outbreak of peUagri. So m e 1 106 caaea mere 
ootifi^ and of tbeae 997 were mOd, nloety-en were sodentely aeverc, and 
thrown were aeriooa, one bang fatsL TIm! outbreak waa cooirolkd by moddy 
fag and adding to the atandard diet acaie maae waa cllnanaied, the bmd, 
taeat and regOable ratwn wu tnere aa ed, and 1 or of yeaat was gnen duly 
ca kng m tuppUea lasted at a later date a mall ration U ground notl (2 or) 
and red palm oil wai added. In the winter of 1941-42, aome 500 citca of 
gkotltU occ ur red In the tame camp the aetwlogy of which wm oncertun at 
the thne. A few monthi later there waa an outbreak of to-criled “nifbt 
blfadaeaa, the boni fidea of which were more than doubtful The last 
epidemic of defiaency diaeaae waa a accood exploarrc outbreak of gloaatta, 
Umdymg son* I 746 Libyana. Thla waa carefully imeatigated and waa attri- 
buted to a decreaae of the intake of riboSarfa from the bare daily mfauntim of 
1 5 mg. to 1 mg Tbe caaea failed to clear op on tacorbic acid but made a 
rapid r ecovery w h en mUk, egga and yeaat were added to the ration. Six caaea 
made a dramatic f ecorcry on riboBmn. The mtereating fact emerged ihii 
though thla appeared to be an oolaled example of true riboflarfa defidency 
Done of the wben examined witb the ilit lamp waa found to hare the 

norgmal coriKil yaaailanxation aaaocated w th that condhxm. 

Brigadier Siirru coododed by emphaalxtng the Importance of the careful 
auperridcai of theac pnaoner-of war camps, and tbe bearing which iWa had, 
not only on tbe health of tbe pntooera themadrea, but on tbe aorroundinj 
nuhtuy communiticr 
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MIXED DEFICIENCY DISEASES IN INDIA 
A CLINICAL DESCRIPTION 

BY 

R PASSMORE, D M , Capt IMS, 

Director, Nulntton Research Laboratories, -Coonoor, South India 


During recent years there has been a marked change m our conception 
of deficiency diseases Trowell (1946) has pomted out that in Africa the 
symptom complexes commonly described under this heading are not widely 
V distnbuted m that contment, whereas the effects of madequate food mtake 
are far-flimg A similar state of affairs exists m India Standard textbooks 
of medicme and tropical medicme for the last two generations have contained 
a section on deficiencj^ diseases usually confined to accounts of beriberi, 
pellagra, scurvy, rickets and osteomalacia , a student of nutrition in India 
can derive only small assistance from such a section For he will soon observe 
that although direct and mdirect evidence of ill health due to an msufffciency 
of food is widespread amongst the people of all parts of the country, yet the 
diseases named above have only a limited distribution Except m the northern 
districts of the Madras Presidency, benben is a rarity Pellagra is rare except 
in occasional outbreaks amongst the small maize-eatmg section of the 
population Scurvy is excessively rare, being usually only seen under famine 
conditions Rickets and osteomalacia are largely confined to the purdah 
population m North Indian cities In fact it is possible to have a wide 
experience of medicme and nutrition m India and to have seen none of these 
diseases Yet deficiency diseases are widespread In this paper an attempt 
IS made to give a concise clinical description of the common signs and 
symptoms of mixed deficiency diseases, other than the five mentioned above, 
as they are present m large numbers amongst persons from all parts of India 
The order of the descnption is based on the mamfestations of deficiency 
diseases m the different systems of the body No detailed attempt is made 
to discuss the evidence, which assigns the cause of a particular sign or symptom 
to a deficiency of a single factor Separate accounts of specific deficiencies 
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Df/TdEVCT DISEASES OT UTDIA 


»rc ruK p\tn. In prtctjce in Indu, it it r*re for a ntiglc iign or a y m ptorp 
of malnutntkm to be found alone. loadeqoate food tntaka of cMcntal 
Titamnu and cainenl* axt frtt5aentlj aaaeciated together »ith in InmfficicDcy 
of total calonea. In the reauHiog clmkal pjctcre the fexturea of a afa^tc 
defiocncy may predomltutc, tnring to icdrrtdual ckeuinaUncn, but a more 
cartful ei a rrrfna ttop wiH cmnllj renal the effect of a fcoera] defioency of the 
diet. It U e aa en t i a l to atrcM the uniformity nrther than the dnenrtj’ of the 
aymptoin complnea and to empbcacte that, broadly apeakuig deficiewT 
dtaeiaea fall wilhm a ungle pattern, beciuae in the important field of pretention 
and treatroent attentieo muat bo paid prnnarily to both the quality and 
quantity of the food ta i trbolc, ratber than to deficiesaea of spectfie ttO/n 
The uae of ntainiu and ndiMrala in their pure atate am only be an acceasory 
form of treatment and can pc r er be a ao^itute for a nhoicaomc diet. To 
quote Sir JoRX Meqaw ue mutt be on our guard Icat ntamma thoold 
become a craae." 

Ko hhberto undeaeribetl ayiqi tom complex and do oear ai^ or feature 
of malimtntion are recorded In thla paper Rather it ia am attempt to co n e l ate 
our preaent knenrledfc and gira a aifnplc dcamptire account, ulucii d h 
hoped might prore caeful to thoae rtspoosble for medical edocatwn, both 
uadergn^iate and graduate, to the Ut^ica. A great opanaioa of oedwal 
edocitwn ta planned, both in India and in the CcJorual Empirt. It ts eaae o tli l 
that we tbtnk oat ^ plan what b to be taught lo tbeae oev acbeota and 
eotkgea. 

A ktge Stc i t ut e cceitahiing accounU of particular dinie*! lapecu of 
mahiutntiaa u aeen In India extea, The eye maru/eatatioej ban bees 
deacribed fay WmoffT (1931 and 1934), DHUi.\J<»nAa and BosiVt Baraait 
(I94£^ KmwA.’T S£?t and Bowai (IWI). Jujwaw Set and Boa* (19HX 
RAJtOOrAt (1941), AnoKJTD and \EKMa (1942), Vdcua (1942a and b) 
phiynoderroa by RAOHAomota Rao (1637b and b 1908) angular ato matha 
by Atooto and RjuauxiN (1936 and 1938). ATOom a^ AtjACOrAL (1936), 
and AtkiOtd, Kjujtnta.'t and PasmaoM (1936) ibe ortgtiaUl fyodnxne by 
Naix (1939X KiJCt7XAXA*A.v and Nam (IWO) and lilmu (1913) mitntKmal 
djarrhoea by Atikjtp and Gorujut <1915). A general deacnptioc k green 
by Hauo (1913). 

TTie foOowing account k baaed on peraonai obecfraliOQa made before the 
w*r wbilit on the ataff of the Cooawor NmntKm Rcaearcfa Labontoriea, and 
throoghoct the war oo adfre aemce with lodkn troopa. At Cooaoor frequent 
iroac foi Tkitiog and nwpectlng tchool chfldren, for obaemnj 
famine <Lstiicts and famine relief work and for a atudy of eatate Ubewr 
Dunnj the war exceplKMul cpportuniUea wero traJUblo at baac boapitak for 
the obaerrattoQ and ireatmcm of Sepoya, who had been eracuHed from the 
eastern front on account of a trotntiooaJ breakderwn, foflowwg the atreta and 
atram of tbc Burma campaign. 
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ciuJdren > dmk*. It b geoertlly po«iblc to get i good idea erf Uw cutntjw 
erf a potwmt seen for the firat tane pfddflg up a fold erf akin on the abdoiniMl 
wall or e»Tcr tke pectoral nauteJea. TTie quantitj of the aubentaocom fat, Uw 
Uxity of the nhaitanecaa tiaaoea and the onderijing nmade lone can proride 
an uidKatjoo u to whether there foia been any recent loac of we i ght. la aertre 
nialnutntKC at nmet at 40 or 50 Ib. may be loat there u erfteo an alracMt 
complete abaenco erf aubcutmeoqt fat and a great watting erf voluntary rmnede. 
Em a ctit ton nay be ao marked that patientj can be aptly deacribed at Tnirtg 
akelctoiia. 

NuTDcreKia attempta hate been made m India and cbenhere to correlate 
weight and other phralcal mcajumnenta wrtb nutmioml ttatua and Tiriota 
□otnticm incUcea have been propoonded in an attempt to put a luuoeral figure 
to an aaaeaameot. Expenence baa tberwo that tbeac tndi^ are erf little value 
in diagtMaeu A fall account of each an attempt to corrcUte malnutrition «ith 
pbyaica] mtetrretnenta m India with a renev of the literature u given by 
ATTJiemi, MADHm>«nd RjyicorAt (1938). 

Dehrdrat ion t* a frequent cooconutant of main DtntKn. In many tnttancer 
tM* t> no doobt due to an madeqrme vraicf aupply and di&uhtea mvolrrd m 
getting H. But tbia n not alwaya aa The ttairing deatitutea who named 
Caku^ dctruig 1943 acre frequent]) a erert i y debydntetL ket Ctlcutu baa 
«D abundant water ropply opponumtiea for dnokmg being araiUble at altoott 
erexy ttreet comer Patieou vhb malmrtntKm m boapiula retdDy become 
dehydrated unleaa ttepa are taken to estsun an adequate Surd intake. The 
ELorrnai ctrroaloa of thrrtt appeara to be in aheyaoce. Oedema, prcaumablr of 
nutritional origin, attocaled wiib low plexraa protem* b »em not infrequentW 
It may be gmcraCzed, but tt oattaOj rooro extensne in the itner limbt. In 
am-ere caaca the aboie mechtmam erf the body for the regulation of water 
roetabobam becomes diaordered. On more than one occxaioo debydnuon tod 
oed em a bare been aeen co-existent in different parts of the aame individual 
For this reason inirarenous bvdrolbenpy which is frequently necesaary matt 
be carefully watched. 

An apology rt perhaps needed here for csptKmding the obrioua. It rosy 
be argued that everyone knows that an iB nounabed persoo kwes wrigbt, 
become* thin, ta ewaay ured and devtad of energy and imtjatrre. Howner 
recent inc(£cal Bterttare cootama many deacnpOooa of complex cbenacal and 
pbysioJofical tetta, involvfag elabtnwle sppantu* for aaseanng nutntjoc and 
has emphiaaed the dtfficultiei and eTTor* that may be roec 4* a resuh manr 
doctors. Ignorant of the pnnciplea fa»-oJitd m socb testa and withewt tbe 
of carrying them out, hare lott confidence to themaches and fad to a#e 

the sample obaervatwoal metbods. They become afraid or urrwiUing to express 

an oplnioo on nalrit»Q and are all too ready to summon tbe i pe e ialitt. In 
Indtt at teatt this « uofoTtuaate. Practical naintronal aasessment sddcmi 
requires Ubovaterr f-urflitiei or expert knowledge It his been foand that a 
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c**t, oo pMmig the finger tip* along the outer ejiface of a chDif* arm, there 
n • ciancteriitjc *aMtko of rooghne**, « oo tbe Kirfice of a grater The 
DQTQcrDu* bftJo papiJe* have been cooslderefi to reaeniWo the of the toad 
and the ctaidrtJan has accordmglj been called phiynodenoa (Nkbouj 1933). 
Agxra the extensor torfacca of the Hmb* are n»*t affected, but the whole trunk 
may bo Invylved. The face, gciuto-anal reswn, hand* and feet are twuDy 
tptred. The condition a much (mn frojutolly seen in dnldren thin In 
adoha. It M not cotomoo in North India, but m certain diatncti in South 
India It U Tety prev a le n t The condition « d^njtely atsooiled with a poor 
(betary intake and there is a looae, bat not very ckiae, asaoentioo viih 
xerc^hthalana. Stuctoi (1SM5) haa found that the ctmditHm occurs in 
England, srfaere it tt know n under the name kentotli pQana and u often preacot 
without any endeoce of dietary defect TTie exact cause* of the djaetae remain 
undetermmed. 'Hiat it n often nntntKiDal in origin in India i* shown by the 
apectacuhu inyrore m ent which frequently foDows ntamn A therapy Its 
irsadenee has been widdy used as a measure of aaaeaament of natntton m 
South Indian children and this ha* m practice been found reliable. 

\ seemd most important cutaneous manifestation of nalnntntion is a 
peculiar degenenerton that affect* th* junction of the akin and mucous 
raexDhnnes. AO aoch junctioo* may be affected. Tbe bpa, the nostrOa, the 
eyeHda, tbe esternal ndoocy meatua, tbe prepuce of the penis, tbe Ttgin* 
and tbe amu aay aO be mv olte d . TIk lealcD Im eaaefittaOy the same featares 
St aO kite*. The mticoui membrane over tbe junction becDtnes white, thickened 
and soddai and ccacka appear Tbe white patches may extend inwards into 
the oral canty over tbe Kirfiee «f tbe glana peiua or into the Tagma, where 
s leucorrhoea may be act op. The erteks may be the seat of chfotac infection 
and are then pamfuL The angle* of the mouth ts tbe afte of dcctioci, mhicfa 
IS always affected first and an assc a n i t ed gloantis b usually preaent benet 
the condition haa been described as an guhr stomaUto. Cracking of the lipa 
ts a Ireqaeot and early feature and a known aa chedoaia. Tbe genital lestont 
are rar^ if erer preaent alone and generally only occur m advanced esse*. 
Tbe cocnblnatron of mouth lesiooa srrtb eoeanalou* thickening of the acrotum 
or vulvio wsa fint described in India by Nai* (1939) under tbe name orogenital 
•yndroroe. In rapid mitntiooal surrey* m acbool* there u no necesarty to 
inspect tbe gemial*, since tbe lesion If presort wili always be minifttt round 
tbe mouth. Angular stomstitis is tbe commonest of deficiency dtseties. 
Amcngst a nco-eatmg popolatioo, it breaks out with reauarkaWe regulariiy 
whenertr tbe sopp^ of fruits, regetablea, milk and meat ftlh. It disappeaTt 
sa soon as tbe intake of these protectne foods rise*. It can retdJTy be cured 
by skimmed milk end yeast and beoce -a attribotiHe to tbe lick erf B, group 
of vftamm*. Riboflann often bring* about marked unprovement and tbe 
conditko b undoubtedly cloady associated wrth this vrtemm but probebiv 
othc- fKtor* in the B gnwp pl*j • wbstdbiy part. 
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progret*e*. AU tuthontjo tn afrecd tint mtny thomind* of pcfwxu la 
ladit trc pormancntly bGnd from tfaii cnue. Wsumr (1931) frata bk 
openeocB il the Gcfrermoait Ophtlulmic HewpHal, M*dm, comi<Jer» h the 
DK«t impofUnt c*u*c of blmdam (o chfldLooid tod youth. 

TTie e*riir (ifoi of xcrophthilmti, drynm, mcreued wnflUiflg and 
ptgmeiUtkjn of the coojonahrt and the aaocaled nifht-UindDeja *re 
Luidoubteifiy cloaeJj^ related to dietarr defecta eapecfaliy an mtabe 

of nUsun A, in cHldren. In adoha the ImerpretatiOD t* more diffimfr They 
are not mfrcqnealiy seen m peraona, who are Ihing oa adequate (Ceta, are 
unaaaociated whh any rinu] d rf ect a and are not neccaaarily projreaarre kaioca. 
la tome caaea they may be feat dual acan of an old ieaioa, wbkh has been 
faaaetire for many yean. In otbera It would appear poaaible that repeated 
aiiadta of conjimotmUa may be regtotwible. War opentcc® baa ahown that, 
altboQgfa ntamln A deficiency undoubtedly leida to tught'hlisdoeaa, by no 
meaoa aQ nifbt blindneaa a due to dkUry cauaca and many other facton, 
mdueSnf paycbologtcal atram, mar be rcaponaiblo. Nutntiooal ai{bt blradneaa 
respoCKii prrmqjtly to ntamzn A tbcnpy 

In recent yean (wo other eye mamfeAationa of mahuitnltoa bare been 
reported m many paru of the world. The fim b a lupcrficnJ kenthw the 
ptfkecU eompfain of burning acnaatwma tn the eyea, odatinea^ of rtatoQ and 
pbotopbobbL ^inoua defprea of ortumcotTMa] in;ectieQ and comet} 
Ttacubnxction can be aean m moat oucs. StmU ctnea! opmtka and 
•uperfical uken are aoiaetiaea preaenf, A alh lamp b neceaaary for detrethtg 
Dunor degrees of raacoiantation. Hie difTtrexitU] diagnoiia from aimpte 
cc ngcat ioo or eren Interthtal keratitia b diScnh for the mcatpemoced. Tbe 
coodHtos ta lisoai mranably aaaocuted with evtaneoua and lUionWj aigna 
of malaatrhion and aocDetimea reapondi promptly to nboflirln th erap y Tbe 
tecood n a defect in rtson amounting m tome caeca to total bltndnm whsh 
may or nay not be aameuted with paDor of the optic diaca and optic airopfar 
and other oerroaf dc g eoerationa. TUs nolntioQa] amhlyopta aauaDy foQowa 
Qpon (ong peHoda oo deficient dicta (many of the caaea dcaoribed bare been 
pnaooen) and U often aaaociated with other aigna of reslnntntioa There b 
a ateady improremect in riaton id moat esaet when the patient b put cn a good 
diet, and both Tkamm A and Titamin B conemtratea hare been reported to 
accelerate rccorcry In the writer a ex p erience theac two cooefitkata are not 
commonly associated with aei-ere malmitritMO, aa obaerred in general hoapteals 
m India, nor do they appear comnwj in Bengal (Kanca.f Set and Boc, IW) 
That they are not lafneqnenl in the Booth ts aberwn by the record* of the 
Gorcminent Ophthalnuc Ho^Hal Madrn, where both bare been extcniirdy 
atudkd. (ArraoTO end \aiitt, \ euu, IW2a and b.) 

THE DtOCfTtrt ariTUC 

Aa already Idea of appetite b a prominent eariy feature of malnutn- 

tk»Q thb b urually pnmaiy but may be do to a fear of pam in tbe mouth 
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m a iimDir muoated cooditrao m the Coonoor Itborttonet, followig the 
conramptloo fer many w«ka of • dm ctmantbg of nee wjlh mmimal tmoonu 
of prrtectfre fooda. The tame gnm atrophy of the amaJI lotcatme wa* preaerrt 
m the cipenmental ammak. A deufled patholopcal account inth a foU 
hjatojopicil report of tbcae toooiejm haa bw giren by RAHHAnintxt RiO 
(I&42). Tbe foUowlng a an extract of fata report — 

Dccaomtrve dmiyei «era eoatondr pfcamt in AoedMch pleztia. La cite* 
^ piaoM wt» enkited and e e d mii t c Ma ntd benca remttdaed m tbi leetijoi. 

\a17ine deam of deaeo crat hi cfaan0c» fins doody MrcIlDia to dcaet^ntjao 

wm lewd ki tbe am^wn ceQi. The ikanfaer of tat i e U i u c«Qa fa roJrcd in (be deteaas- 
tfra p e n t — end thek dsetribodon in dt* pterus dtftfad fitat {a amni 

apectoena. In cliruaJc com*, ctorma! <*0* were lairk acts tiul th* pksoi «rt« 

leptcaaoted hr aoptf ipocei c MUafrrr m tademra f eWad onl atfas e r ari nf fnahon 
round celli, fibrobkati mkl gthi crih. 

Tbe opportunrtrea anHable for hntt^ogka} atudy of tbe hnirvan nixterial 
hare been very Ihnited, btrt thcaa fiodtnga hare been coofirmed tn every ca»e 
caamJoetL AR modeni phynotofn] reaearch emphaasea tbe importaoce of 
the antonomatk nerroua ayatem io cootroUmg the functroaa of the alimentary 
caaul An earty degeneratioa of the neorons in Uus eyntnt might neH be 
reapoaiible for a complete breakdono of the (UgeaUrc proceaaca, tererdy 
Umithig the ahaorption of tuitrunenta cad leading to maligTiact mAloutntkHV 
refractory to treatment. Such a degoMratioo miy veil be an butaal patbologka! 
oent m a nedoua circle of Jefectire food intake, inteatinaJ ctrepby defectrre 
adaotfptren, further atrophy leading to tbe ‘^toaut paper amaU Inteatme and 
progreanve emanat i ofl . 

Very little ia knovre about the hincttona of tbe lirer lo cam of malnutrition, 
to India. Thia b pcrtuHy attributable to tbe difficoiltiea in obtaining aatiafadocy 
poatmortema. It may be aaid that curhoca at all agea cntaioly and primary 
caremoma poaaibly arc more commoo than in Europe. \Miat relatroc thoe 
coodithnu hare to notrhloQ b nor known. In fatal cam of mere malnutntkic 
tbe Irrer k omaHy email and htvartably tatty 

Tltt C«DJOTMCVtA* ITITIM. 

In m*"” degreet of rwinutniloa there are no dcar-cut ugtt* of cardio-- 
raacular dr*f*** In more adranced cam there k a charadentfs kll in blood 
prcwire, which may be rcry low A *y«ohc prearire 0 / 70 mm and a 
diaatobc prtaaure which la unreadable arc totnetttnea found. Tbeae low 
Icreb are ahraya aaaooated with other eriiaice of aevere malnutrrticm and 
r^rry t pooT pfognada, Caitlbc faSare with oede ma k aonietirac* ■ terminal 
event Ordinary cardiac atinmlant* are raJoeka* and cam often end kuUy 
after dragging 00 for nunr wceka. At portraoitcm the whole heart n found 
to be vm maD wuh naAed atrophy of the muacle. 

Tbe hrpotenajcn. emaciation and p^njeotatioo nay preaeirt a picture 
atrikingfy reicmbCng Addtfoo a doeaae However no impforemcoi ha* 



=re S„7h,“h'“' 'vere „ ' 

A mild peripheral Nervous system 

^°es not appefr Mm .n ^ 'vith tL 

,;P^;>o be acoe,ee,.edV.^:?3' ™‘' 

P^oL o';?”' “'■'PPP'a has a, . '’"'’""''™' 4 

Command, Bna-j November lQae\ ^ report (jv^,r./ ^asions have 
apmal Dhnw B«TJ '’’= CoLu|, „rv ‘*’?'Co, 

'■“* fp“? wV™"S“ IPl'anT^rt “ “'Poun IPia 

ppS:rcr/~ s 

already beeH often of the cord 

‘<ireiy seen 

7 to of anap ^^ood 



200 DETtODCCT BUJCAM 4 Dr OtDU 

TREATMENT 

Thi» KCtlon u confined to in account of tbc rortW* arailiU# for tbe 
treatment of patJeot* wiw hare been ttiffioently HI to merit admmioB to 

hotpfuL NorefereocewillbemtdetotbepabbcboikbprobleBacfpreTCntfcrQ 

or to the treatment In the field of the nmamerablc minor c»ea, who do not 
require boeprtalmatiou or for whom boepita! beds ire not tnilable, Tbew 
gr^ prohlema in Indn ire eaicmjiny rcononuc and ajnculnual mid 
such EDedical adnee at can be g U e u b m practice huuted bj tbeae factor*. 

Ga*r*} 

Serer e malnutrrtkrs it aln}^! ai ao cUt ed aitb mcotil depreuton and 
reUrdatioa. \bfij pebenU appear at fim to ha\T no dcatrt to get better 
or CTtn to irre and parenten] treatment ma^ hare to be the fint *trp. Other 
treatment tOMj be of oo artH, onlcaa the co-operati on of tbe patient h obtamed 
and unt3 be can be pcrtoided not ooljr that It is a good t^g to get better 
bttt abo that rt b poealhle for him to rc co t c r To lecurt a r^t psychological 
attiUidfi b the fir^ easetrUal of trettment. Tbe patlent'a coofidoace be 
won. He matt be txtade to realbe that the cxrcussstancca> which Tcdnccd his 
to hb preaent coodtoon. are now paat. An energetic and perauaarre ward 
attter can woth wwidera and ti someticoea the meat important amiicle factor 
in r eco Tcy Attractively aerred food, a bright and cheerful ward with «mple 
decontioiia, a wHbag ward staff who are prepared to apeod and patienc* 
coaxing refractory pauesta to eat. theae are the Imponant etanesU of treatseot 
and many ritten have been able to achieve touch a!^ aueh bnea with e ctretu eb 
limited matenaL A cheerful convalcaceos patiect. who has himself r m wcrtd 
from severe matnutrittoci, may prove invaluable m encounglog and bejping 
bad caaea. An active diremoca] iheripy department b a moat vahtable asset. 

Di*trtv 

EUborate cad rigid dietary scales thould be cx-otded. Ai bt 
as possible each patient abould be eonsMlered acpantely and hjs wbhns and 
ftneie* pandered to. They are often a better tberapeutic guide than th* 
phj^cian a dietetic tbeones and sbotild ahr^ be respected. It b hnporunt 
that feeds sbould be fr eq u e nt and tmsU. Some ooansbmem thould be taken 
at W«t tix thnea a day It b geoerally com e n ieot to hare three malo mcab 
a day and to give milk dnoka, suitable fruita. fnnt drmka. aaeets and tweet 
meats m tbe interval!- At fim tbe mam rocab abould be small. espedaDy If 
diarrhoea n a promineni feature. Overktadmg the ttomach will excite an 
orer-seotitlve gastnxdic refica. cause fl a tu le n o ? and abdominal dbue**. 
Detafls of diet* will not be grren. 1 hese depend on tbe customs and twte of 
tbe people and the avaflable food. In the paat too much tttentloa has probably- 
been placed on tbe eaact ratio cf proton, fat and carfwtydme In the d«t. 
The maJaoumbed person ovuaDy has an artraioo to fat and this ibocJd he 
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limited Othen^nse it may be said that any wholesome well-cooked food is 
valuable in small quantities Pulses and coarse fruits are usually poorly tolerated 
and can often be seen passed completely undigested into the bed-pan Meat 
and flesh foods are valuable and every effort should be made to encourage 
patients to eat them However, they^ are not essential and need not be pressed 
against strong religious conviction Milk and milk preparations are usually 
the sheet anchor of treatment Curds are particularly valuable and are relished 
by aU Indian patients Tinned milk makes excellent curds 

Patients, who are first seen in a badly collapsed state, should not be given 
solid foods Many fatalities have occurred dunng famines through sudden 
overloadmg of the stomach Such patients should receive only a fluid diet 
for 48 hours or untd their condition improves Small quantities of diluted, 
citrated milk or sweetened fruit juice should be given hourly Later an egg 
beaten up in milk may be added For verj' weak patients unable to feed 
themselves contmuous intragastnc drip feedmg, which may be carried on for 
many hours is convenient and a great saving of labour for the nursing staff 
Dehydration may have to be overcome by the intravenous infusion of salmes 
to which glucose may be added For the treatment of bypoprotemaemia, 
concentrated solutions of both serum proteins and protein hydrolysates have 
been used Khishnan, Narayanan and Sankaran (1944) gave over 3,000 
intravenous mjections of a papain digest of meat to about 1,000 cases of starving 
destitutes in Calcutta and believe that this was responsible for the savmg of 
some lives, but the conditions of work made accurate assessment of its value 
impossible Lowe (1946) stated that, in the experience of the School of Tropical 
Medicine at Calcutta, the results of mtravenous therapy with proteins and 
protein products were on the whole disappointmg The practical value of this 
form of treatment in India is clearly still siib judice In the treatment of 
nutritional oedema associated with hypoproteinaemia, mercurial diuretics have 
been found to be of value by numerous physicians 

VUamtn therapy 

Vitamin A preparations are valuable, especially in children The various 
skm conditions previously described are nearly always improved by vitaimn A 
Sometimes spectacular successes are rapidly obtained more often improvement 
IS slow and follows only upon several weeks of treatment Night-blindness 
18 often rapidly relieved A smgle dose of 200,000 i u wiU usually produce 
improvement m a few hours The signs of keratomalacia improve more slowly 
There is usually a general improvement m the health and well-being of the 
child In adults the value of vitamin A (aneunn) therapy is much less 

Vitamm Bj (thiamin) has been given both by mouth and subcutaneously 
to many patients with peripheral neuritis and an a^ociated malnutrition No 
evidence has been obtamed that the vitamin has any effect on the rate of 
recovery from the neuritis 


otnaiwcT DifflUJi* w mDu 


Nrcotimc tad will often ptc tpecUculw rttolu m rdteviog the ptia 
located wuh gloort« tnd •toaattttt, New iwjcom menibriTie h npitDy 
nned over the toogue tnd ibe picm preteat dunag chewing tnd twiDcming 
■fo t n i tbed. Notritlootl dnirtoe* a ii«o rapidly cootrofleil m miny ctte* by 
cotimc tnd. A dote of 100 mg three tun* t diy by mouth b generally 
IwjiMtc, but tome ettet only retptmd when the dewe it girtn by tobcalaitou* 
jcnjoo. If any benefit n going to occur tigot of uaprenmeat tre utuiDy 
amfett within ^ bouiv In the tbteoce of tignt of Improremcnt n u rabdot 
1 perwtt with the Tfttmin longer \fthougfa dnuratic rcGef of lymptom* a 
eqaently obUmed, m other ewe* the ttomttitU tnd darrhoea tppear 
jcapletely unaffected by the ntamln. It would appear at pretenl inipo««iHe 
> /orcewt, by dmkaJ oambatlon, niuch CKtci are Hdy to improve and m 
iudj the »yinptoiii* are Ukeiy to remain unaffected. In my experience not 
«ore than 60 per cent, of patient* are bc«fited. AhJwogh rapid febef often 
ccura, CDO^leto cure a tddom aduered by mcotiok and alonc^ unless an 
il-round u np rovemect m the diet a nmultancoualy effected end relapse U 
oquept if this 1* not mainttiaed. To cum up a may be said that n in famy 
nd U t Tahiahle, but uncertain therapeutic weapon. 

RlboAarln hu not been araOable in India hitherto for therapeutic purposes 
tr^t on a small scsie. It ba* been shown to be effechve m reSerTXrg the 
igns and symptoms of sup y fici al kerautts. Borne casca of sore oiiTUtb mtb 
zcortstiooa it the attglea and with otbes mamfeatalioo* of muco-cotueotts 
egeaentran bare responded promptly to ribofiam. A doae of 5 to 10 mg 
ItQy by moutl^ or sobciitueoualy ts usuaOy adequate. In genenl, the commenn 
udo oa arcotmfe acid therapy apply also to ribofimzL 

Although, «s already menttoaod, clttucal endecct of saury k wy rare 
a India, moat cates of matnutrfUon have been Uving oa diets cooiaxning htreiy 
ntmrmrm aflwiuits of TiUmm C 'ntHT b therefore ev er y indBcation fw 
ictm£ng Ubcral quantities of n tsrom C This f n best be done by gnutg 
hut or fruit ytuces nch fa (be ntarain. If these are not araffabie, aacorfeJc 
lad (50 to 100 mg da3y) sbodd be gi ven. Sprouted grams and pubes are 
ibo a vahuble source of the vitamin. 

Freah yeait, dned yeast tnd yeast pceparatbna such u mannite and 
regenute have pnn-ed valuable m the trexteoent of malnctnlwo. The best 
■enilts have bom obcaoed treating the minor manifestattact, ospecaUly 
rtomat^i*, m the fidd. Undemourishcd difldren are frequently benefited. 
Result* with severe cases of rrulnutrttioo in hospHal have been dbappomtfag 
If an adequste supply of protedhr foods ts tvail^e m the diet, supplementing 
:hc normal source with the coocentrites m yeast appears to b« of little viloe. 
Perhaps the palfcot ts unable to absorb or utiUae the extra Titamics. least 
ind Its prcpinrtiOQ* arc particolarfy dtstastefol to Indian* tnd tf i* now the 
writer’* ctmom to prescribe them oedy when a hotpital dietary b oot completefy 
utUhaerj In India t is probable that yeait therapy will have lU oaunnim 
beneficial effect In out-patient dimea and fidd treatment. 
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In recent years \ itamin therapy has been extensively used in the treatment of 
malnutntion Pure vitamins have been given both parenterally and by mouth 
and many preparations of vitamin concentrates have been employed Although 
vitamin therapj is valuable and has its place in the treatment of malnutntion, 
results are on the whole disappointing In tropical practice the slow and 
uncertain improvement, following the exhibition of pure chemicals to patients 
with signs of malnutrition, contrasts strongly with the prompt and spectacular 
results usually obtained from the use of the appropriate chemotherapeutic 
remedy in acute infections Vitamin therapy can only be supplementary and 
can neser, under anv circumstance, satisfactorily replace a defective supply of 
food 

Tre-atment of Carcinoma Infections 
It cannot be too strongly stressed that no dietetic treatment of the 
malnourished can be effective in the presence of infections An essential part 
of the treatment of malnutrition consists in a diligent search for protozoal 
~-and helminth parasites and in their eradication Experience has shonm that 
protozoal diagnosis is often difficult m the under-nourished Although a 
patient search may have failed to find malarial parasites and amoebae, in some 
cases prompt improvement follows anti-malarial ,and anti-amoebic treatment 
The presence of persistent unexplamed anaemia or diarrhoea is an indication 
for the use of these remedies, even m the absence of an exact diagnosis The 
sulphonamides, especially sulphaguanidine, are generally effective m controlling 
nutritional diarrhoea, although the effect is usually temporary and relapse 
frequent In emaciated persons very small doses are often adequate 

FoUowmg severe malnutrition recovery is, always slow Even under the 
liest hospital conditions there is always a definite mortality In advanced 
cases it would appear that irreversible degenerative processes have taken place 
Convalescence must never be burned and after severe illness activities must be 
limited Unexplained sudden deaths have occurred m patients who appeared 
fully convalescent and who were up and about in their wards Many patients 
•can never regain their full health and relapses are frequent if the patients are 
agam subjected to nutritional strains Soldiers, who have been evacuated to 
base hospitals on account of nutntional breakdowns, should never be sent on 
active service again 


DISCUSSION 

A description of malnutrition m India cannot be complete without brief 
references to its relationship to the conditions frequently described under the 
headings pellagra, sprue, aribinoflavmosis and to the excellent descriptions of 
deficiency diseases in Africa 

Many of the features of malnutrition seen m India are common to pellagra 
In particular the glossitis and diarrhoea appear mdistinguishable m the two 
■conditions In addition, the skin changes bear some resemblance, especially 



i«nawci diszajzs cr cfwA 

« the hjTxaplgmentitjOQ »nd bypwkerttom, whjct are comowolr •«» m 
deficiency *uta m Indo, $n o*u»IIj- more te r ere on ti« exposed wrfacet. 
But the eitiretiie photo- • en x tire u eaa. chararterBtic of pefltfri and the ojenafre 
itin leaiooa *re not aecn. fiTA.'nua (1938) coaudord that annilaf leixau m 
Africa were pre-peDagrooi in nature and obeerratiooi b Imfia lent aotne 
•opport to thca new Nemtbde*, although gbantis and natrttwnal «fiant»a 
are cocunon and often ao attert in rKC eatera aa to be reapooaibV fee naBy 
deatha, yet true peflagra a ray nn. That it can occur mutt be ■wepted, 
ExxmmatKro of photoa of caac* obaerred by Ram\» (1940) b rice ejtm 
It Mxagapitam learea no room for doubt that they are peOagra. Heramr 
nuioeroua caaca, which hare been ahotni to tbc amieJ in ranoot pitta of ttwTa 
diagnosed aa peHagra, hare borne htik rdcniblance to the flofid caae* which 
arc seen ai eplderoici in Egypt Theertremeandcharactenatic pboto-aeoadWcy 
acetrn to appear only m matte eatera. Wliy the poor nee eater who auffen 
from nkotimc ac»d and other B defioenciea, ao rarehr gcti true pdligra it 
unknown. The problem haa been diacuaaed by AmoTn and Swamixithas 
(I&IO), trbo taie thown that it cannot he explained br difierencea m the 
content of known food factora m the two ccrcala Peftagra a not liiiiply a 
lueajtink: add defioency Mane inuat differ from nee, dther b the laii of 
a hdherto untecogoiied dteury factor or m the poaaeasion of a tone copipooest 
trfth the property of photo-tenaitaiDg the akio. True pcOagra occun aaawgat 
osuze eaten in India, and Ea}A) (1939) baa gt^'n an account of the cfiacaae 
tn the Kangn vaiky 

A comfitbo dearly very nmibr if not identical, to the pie&ire of 
mabutnttoQ which hu been deacaibed. la the dncaae krtown aa aproe. Thb 
a a dufOoM not tmcommociiywpplied m Isda to European and AaghKlruCaa 
patienta, bat rarefy to Indiana. Hie featurea uaually aacribed to iprtie arc 
tboae of a watting diaea>e, aaeoented mlb glomiia, macrocytic amenua and 
rftarrbiva with the paan^ of pale, large, frothy ofienaiTe ttoola. Onlr « the 
lift respect doet ft differ from the picture of mabulnlron aa usaaliy teco 
in India- Otherwise it coenphea m detaO with the general deacnptioo .of 
multiple deficiency cGaeaaca. The character of the stool is by no meaaa an 
ibaolute racial dittmction. The typical ^>rue atco) la occaaboally acen tn an 
Indian and aometliTKa absent from an otherwise typical European esse. The 
nature of the stool probably depends more on the qoahty of the diet and the 
tvpe of mtettinal flora than on the pathology of the diseaae. There on be 
no quettKiQ that tprue is a nmed deSaeucy and that tbc general cfkuol picture 
o tbc mme aa that of mabntritjoo m Indiana. TTic diffienh problem a the 
nature of rta aetiology and cpWemwlogy In Europeana the disease it oefr 
ocewtionany associated with a defectfte food intake and fa sotne instances 
tfsere ts epidetmologtcal evideoc* ttijgesting an mfccttre agent. The lotn>~ 
doctioa the bofuZzKcUy eaacd term paiw-apnie, whicb is rtcenily becoming 
popular aa a label for dorrhoea of nutntloiul on|Ui m Indiana, setiu* an 
umteceaaaiy compCcatloQ of nomcoefature. 
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The diagnosis of aribinoflavinosis or hyponboflavinosis, first introduced 
m America, is now becoming widely used The condition has been fully 
reviewed by Stannus (1944) Many signs such as angular stomatitis, cheilosis, 
generalized mucocutaneous degenerations, scrotal eczema, superficial keratitis 
have been mcluded by different workers, based on therapeutic response to 
riboflavin Experience in India has shown that all these conditions do some- 
times respond dramatically to riboflavin, but that the effect is erratic and 
inconstant Further complete cure is seldom obtamed without a generalized 
dietary improvement, and relapses are frequent Riboflavin deficiency can 
only be a part of the aetiology of these diseases A pure nboflavin deficiency 
probably never arises under natural conditions It would seem better to 
preserve the older descriptive diagnoses rather than to introduce a new term 
involving an incomplete description of the aetiology of the conditions 

In a review of malnutrition in Africa, Trowell (1946) makes the fPllowinj 
assertion — 

“ The truth is that the pattern of malnutntional disease in the Afncan is different 
from that seen in other parts of the \iorld, and until this is recognized malnutrition will 
not be diagnosed m Afnca A new disease is in its labour pams , probably it is a pattern 
of associated diseases ” 

With the second sentence it is possible to be in full agreement, but 
expenence in India does not provide evidence to support the first Except 
in minor details, TRO^VELL’s descriptions of deficiency disease in Afncans 
apply with equal accuracy to the disease m Indians It is possible that accounts 
of deficiency states in India and elsewhere have been misleading because for 
the most part they have been limited to descriptions of lesions in one system 
of the body only or to attempts to descnbe the picture of a deficiency resultmg 
from the lack of a single dietary factor The medical literature from Africa 
has by contrast more frequently emphasized the description of the patient as 
a whole For this reason a better descnption has probably been given The 
picture of malnutrition may vary in detail from person to person and in different 
parts of India E\ery degree of seventy from a minor sign unnoticed by the 
patient, to a severe irrecoverable disease, may readily be seen But all the 
signs appear to fall wnthm one broad outline, ivithin which a great vanety of 
detail may occur It is not the present purpose to review the numerous accounts 
of deficiency states as ascribed in the African and m other races of mankmd 
But the manifestations of malnutrition in the Indian described in this paper 
would appear to differ in no important fundamental from descriptions in other 
races coming from observers in different countries A limited expenence of 
deficienc} diseases amongst Africans in Entrea, Europeans m India with sprue, 
Chinese refugees m the Far East, and Japanese prisoners from the Burma 
campaign, has produced no evidence to suggest that there is any important 
clinical distinction between the manifestations of these diseases m different 
races 
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SUMMARY 

A dc»cnptk® of the *igra tad trojptomf of defidtacy cLaeae fa lodfi 
J» giT«L 'ITjc geoen] pachire b iJmatr to thart of Dcrtntioatl b 

Afnct tod other coantr>c». 
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. ENZYME-PURIFICATION OF POLYVALENT ANTIVENENE 
AGAINST SOUTHERN AND EQUATORIAL AFRICAN 
COLUBRINE AND VIPERINE VENOMS 

i: GRASSE 1 MU, 
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P A CHRIblENSEN, m b 

From the Scnim Department, South African Institute for Medical Research, 

Johannesburg 


Since the date of preparation of antivcnene at the South African Institute 
for Medical Research, continued efforts have been made to improve the 
therapeutic properties of the product 

Venoms detoxicated isath formalin proved to be safe and efficient antigens 
(Ghasset and ZoUtENOtTC, 1932 , for detail sec Grassft, 1945) Naja flava 
and Bttts anetans venoms have, immunologically, the highest and widest 
antigenic powers among the representatives of their groups (Grasset, 
ZouTENDYK and SciiAAFSMA, 1935) The observations of Grasset and 
ZouTENDYK (1938) showed that B anetam antivcnene has but limited effect 
on B gabomca venom, owing to the coagulant fraction in the latter, and a 
special polyvalent antivcnene >vas therefore produced, including the venom of 
B gahonica as an antigen 

Fractional sodium sulphate precipitation removes the larger proportion of 
mactive serum proteins , the antibodies, contained in the pseudoglobulins, 
were concentrated three to four times (Grasset, 1932) Serum reactions due 
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uui'ifE FUEjncAmn or amituctd 


to tha product tre Dot rtxe md for tldi redoo, caaytot-ptiriSattjoo (PjjreojTf 
1936 Pore, 1939) WM adopted, tamg E*orE*i teduuqufi. Thii method of pepco 
djgeatlon bu been appU^ to polynleot aat o ' cneo e pr ep ar ed ififaBt tbt 
Tenoma of the Sooth A&icxn N and B tnfian and to ammoene 

prepared agalnat the Tcnona of N B Mrutm and the Eqoatortfl African 
B gthomc^ 

Hu frnhhed refined prodoct h cryatal dear altooct cdonrieaa, and of 
hiiij low Tiacocty the p^dn content m actuated to from 10 to 16 per cent 
before ampouCng It m free from reatdual actrre pepdn and h itahle in the 
KC cheat and at 15* to 25 C 

Rabbha of from 1,500 to 2,000 fommea, which receired from 1 to 5 cc 
of undHated anthrenene, either u i ut fe n otaly or mt ianuiacn lirly f emam f d 
normal during the 30 daja of obecrratlon. Nike qi 20 gtammea, re ed ring 
I C.C. aubcotaneoutly or (>’25 c.c. intrarcnoualy rem ain ed Dorma] aba 

Comparattre data for a brtcb of N fl*t*-B tnttwu antiv encne (Serum I) 
and a bat^ of N flatm-B rrwtexr B, grkcatca antircnene (Serum II), regarding 
neotrilmaf titrei before and after punficatioei, rale of cmcentration, jneld tod 
m trogen are ib<nm m Table I All thraticm recorded m tlua table, 

■I wdl n m the following table, were done on rabbita (1,800 to 2,000 grammet). 
The raw aera were titrated ro Tolomea of 3 ca agiinit lacrmlng ■nsoonta of 
renom, and the punfied aaa in roluixtea of I cc. AH titres m Table I an 
“ corrected," appfomttHttdy 4/3 of an mJ-d. b aubtracted from the axQ«nt 
of Ycnom oeiftrahied « Hie corredied tiirea of the raw awa a« 

Taacj L 


ownairm n oc an roa ra o uTctitt or aaiiiTwn, ■area am iraa tveaxmATW^ 



E GRASSET AND P A CHRISTENSEN 


209 


further divided by three, to give the neutralizing value of 1 c c It is assumed 
that the natural resistance of the ammal accounts for the neutralization of 
approximately 4/5 m 1 d , and this “ correction ” was introduced to minimize 
the error m judging the results of titrations done on a very low toxm level 
The nitrogen determinations were done colorimetncally 
It will be seen that the titres of antibodies against N fiava, B anetam 
and B gahontca have increased from four to six times, the concentration of 
protein nitrogen bemg approximately doubled, i e , an mcrease in the 
antibody /nitrogen ratio from two to three times, as an expression of the 
increased purity The recovery of N flaoci antibodies is approximately 50 
per cent The recovery of B artetans and B gahontca antibodies is slightly 
lower 

GROUP NEUTRALIZING PROPERTIES OF ENZYME-PURIFIED 

ANTDTiNENE 

In Table II are given the “ uncorrected ” titres of 1 c c of Serum I and 
Serum II, after concentration, against the specific venoms, and against various 
other Southern African and Equatorial African snake venoms The rmnimum 
lethal doses (death in 2 to 4 hours) m mg of venom are given for rabbits 
of the weight used in the titrations Identical samples of venom were used 
in the titrations and for the determination of the lethal doses 


Table II 

TITRES Of SERUM 1 AND SEBUM II AGAINST 1 ARIOUS SNAKE VENOMS THE TITRES ARE GIVEN IN MG %'ENOM NEUTHAl, 
B1 I C C OF CONCENTRATED SERUM THE M L D OF THE I'ENOMS IN MG 


1 V ^ 

j iN'nja 

j flaia 

Blits 

ari- 

ftam 

Blits 

gabot- 

ica 

1 

Naja 

haje 

(S A.) 

Naja 

mgricoUts 

Sepedon 
^ haemncJiates 

Dendraspa 

ofigushctps 

Naja 

melanoleuca. 

Blit 

nasi 

com\ 

Serum I j 3 0 

26 0 



3 3 

3 6 

1 3 0 

1 2 

WBM 


Serum II j 19 

24 0 

20 0 

2 4 

2 4 

1 7 

0 8 



Mid 1 0 35 

! 

1 5 

' 2 0 

1 

0 9 

1 2 


1 0 36 

1 

H 



It appears from these results that the titres of these two sera against the 
venoms of N haje (South African), N ntgncollts and S haemachates come 
within close range of the specific N ftaza titre However, the titres against the 
three first venoms amount to from tv.o to three lethal doses only, whereas 
1 c c antivenene neutralizes from fir e to nine lethal doses of N flava venom 
Regarding the venoms of N inelanoletica and D angtisitceps, the amount 
of venom neutralized corresponds to from two to three lethal doses also, 
although the titres appear considerably lower when taken as the absolute weight 
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of Tcoom. Cwttidennjt more apccuDy the rcnom of D tJignttctpi the 
diflicultves b contcimg reffiotm qu*ntitk» of tha rditirel/ urwomawi 
«4ubna« make it grelifying to ree ttutt aome bawe b potency retoiti from 
CTBytM-punficatwei. The aamt tppTtes to tSe Ttrom of V nrkvofm-# d 
%\hicli %o far Ibshed tuppUo were obtained tiffougb tbc lindom of Dr 
CtoyiUii Dbector of the [natitut Pasteur BrmaTfflc- 

The anttrenene acema to gbe aotoc protection ajanut the equatorial 
viper flfdr naikondt 

AriDfTT Of Tforut rvumro Asrrmxz^ft. 

Andrty fs here taken to mean the apeed of union between antibody end 
lenonj < matter of pammoimt {tnportance wben oae conaldm tbe rapid action 
of TCDOtn rntrodoced b the ayttem. 

A act of nurture «a ntade of a cooatant rofuroe of anuveocne {S. SFB3) 
and bercaimjf dtnea of A fljtr* renom. TTic ToJume Jn each tube w»i id^ostod 
« rth la l be, ao that a nwirte receired 0-2 cc. of aennn b a voftmie of 0’S cx. 
0-5 cx. of thn mixture «at bjected fatmTnDuaJy into mice of 2D imniuea 
tnu nedi i td y the rmxTurea were made eight mke bang Died fof each mbtore. 
Tliis waa repeated after half ao boor and after J hour at UT* C. Anotl^r 
irdnetifne (S 5&49) ttai t trated cgvinat D antlfxt tccodx Each roouaa 
fWerred 01 c.c of aerum m a total r^ume of 0 5 tc OtierB»e the tecfardqw 
Bsa ai deacribed aboie. TV* reauha are recorded in Table JIL 


Tulb ml 

■nra. rtosi or 'mvrrvvt V 0 •rwtaa ns»<«v tv uva, to mam n 

r«j» or trvhri «Tirrr» AvnaoiTr yo rrvoii tth inm «r» * nt jmrB *ma DtmarrT 
rrvxf or camtvr ST 



0 iva—v /yif 

s 

Wwnc 

&la etna perdom 

o-aj 

0 “0 

0 II 

ft a 

0 7 

c-a 

a-3 

C^. of BUirentne prt Omc 

o-en 


e*tt 

1 

fr-I 

t>-i 

» 1 

Rate of wyjrrnd ttta coot*0 ii IT* C 








for a houn 

• a 


a a 

a t 

I/a 

73 

13 

} boor 

« a 

7 a 

1 1 

1 $ 

4m 

73 

13 

1 

o-K 

ft 

a a 

X t 

5 a 

a a 

13 


Tbeae retubi aeem to mdicate a high ipeed of umoa between the coom 
and Its atrtJbodr 


CONCLLSiON 


Era)mc-ponfication of polysaloxt South Afexam BxSit mritlau 

totnrenenr and polyraJent &t« gthemtet antnencnc rciuitcd m from four to 
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' ^ P A CHRISTENSEN 

E grasset and E 

roi 


^ 4. Tit to 

and an ,n«««'= “ 

tiinea amount 0“"^ "‘nalnnolewn. ^ Jaj'irated to useW 

louble the ^ ^,enoms, aneiisUceps, were venom « 

^ , 

rhe spend o un. of 

fflteaaed antibody '“'advance m *« Jational sodium 

anJnV-ttei— 

compared ^nth t^^ ^^i^ces 

r drimde de 

■"■ — T J 463 MQ•^9^ ]vlerhode rap moyen des an 

^'rsr.i»»-»<™'"‘‘'’ “ , (B„„ ,«b..-o) It.;"!? "s"' 

Scnaassslf. .pecial «<«““' 


'1?- f ^ i'l' ”:;eS »s^e^si^» » ry““?s^ »S^5“ 
IiL“aS « «'“' 




213 


Tbopicai- 2. October, 


ZINC SULPHATE 


flotation of faeces 


BY 

Hospital, Durbnu 
KiugEdxcardVm,^ 


«o««on 


„ot sp.table £ot tte «* q . paaa.C , S*WK 

gam m concenttatma ^ MS'-“(&8) ’ S' 

. Faaar, E C D W-b j f ;„a Wa.®. I « 

^ Thomen, L- I' ’ 

1R 169 
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IDfC tUlPBXrt nOTATtOy Of r«CE» 


Tuu fL 

■EiATTTi tmcTDKm or buxct n ncn « trsc «im\Tr run 


Pifator 

Pow + ^ 

U^+ ^ 

1 B«h + V 

1 


E AbM m 

4«-3 

U 1 

t Si -7 



11 3 

aa 7 

410 



M-e 

ai-a 

* sn -3 


/ WkUi 

ta-a 

t .3 

IU4 


O Ut*bM 

... 

na 

II 4 



». 

1004 

I «3 


MHIRH 

TW 

ai i 

TO a 



484 

us 

41 4 


0- irmmwin 

— 

lao-o 

-> 


jUhhrfit rpi' 

HI 

033 

ISO 




a »4 

w 



04 

aia 

II 



3(4 

•34 

41 1 



It IS ifpcretU chic ta thct techmqae we here a verj nJiubk aid to dtagtriwii 
of btestmal panactea. Hoire^'er the <Ilrect film remaioa ea the raecbod of 
dince, a> U rereala the troptumxtcs in addition. Laboratonea with adequate 
bdUcki ahcHild perform both techotquea. 

8UMNUR\ 

The direct film and FAPar’a amc aulphate Botation techniqoe m 

compared in a acnea of 1,539 apecimeni. The cncrill giam bx the u« of tha 
technique a 179 per cent. 
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rj'j^SACTlO^ 1947 

'^ovic^ 2 October, 

. „pT(-&iSl PE^SA1S5^' 

WITH SPECIAL- 

C HOLLINS. 

AND 

^on rate (SR) 


..«e .e .« -- r- -“f T- - ""“" 

« ‘\r:o s«V'" '" ' 

^ — r-rniTTi klJ 


;i-V^i « * 

> Tuberculous Afnd. 1 _ 

Mncon males .ub uop.cal , \ ,« ^ 3^\ 

\ ulcer I9t \ 1 


40*^0 1 

50-00 \ 00 mm + 

■- — 1 
' 103 

rTry^ 

1 

\ \ lO 

20 

\ 45 1 


\ 22 1 ■'' 

> 21 



i,yp»„o,on,es >« ^„„,ggl„tmanoBj“ be found u _^^,j,pbc.ty 

of thoso "SEou ^ „hom no , Lpetion W d»' ° „,„st ttypnno- 

(17 8 per ^ P rpvalence of atitt)agg ctrone evidert'^® 6 , . Qgrvice, 

.( troo.ral pK»»'‘Bjna „,e luijn ^ ,ne 


criticism ana au^ . 



21$ 


•UOaXTATtOk KATE AVD T*YTA'a5K0UA»l» 


m v»rtou» imnMli infected with ■ Ttnety of tryptnowcae* Iiktc been reported 
by F»C<ch 0937) etd \rcout *nd Snioxi (1639). Liw>ox (l««2) reported 
hjjh S.Rj m Ugiada njUtrw with trypinoeomma ind foand it of no rilw 
u « test pf core. 

This pKper U an snempt to assess the rahie of the tedunentstloa ntc ts 
an ud m the rnsns^ecicnt of human trypanoaommu under Sdd cooditwiu 
of mass surfey and treatment baring regard to the high rates frequently fonod 
mjapparently aormal A/rrcana. Sedimentation rates have been ikiiw with a 
tube made by Mesara. Hawk ley thown m Fig 1 



Ftr* per cent, aadram enraw k rm to the mark C. CapiBtrr 
btood trm thr 6ogwr k ma nto the tsbr brhnl the ckrsw timl 
tb* mimirr reaches the maik B Tbs m u i m i b tfa« m outoe 
to ckan macroacDpa aGde and thotouahty mixial , tb* anxtart h then 
nm up to the mark O.** so ctanlc band n ftirtmed roofid the codi 
of the nd>e which b then pieced m rack. RcadjOft here been 
tekfn at $ to S5 F The pmportxA of bknd to doaie fa (aas w 
one. Utuif m ikert m bdt ii it /tm»d C4af vkm iW SJi. h 
Ml t* c*m f trytammmkJU Xkc M£at b 

mrwffr IW iMlimtxty ti ^bfaT— aarf tV raafkw U 

apprseMOM Sa tfaepawM <d Wwe The t ba gat be waia J^tJ 
cad packed ocO rolRiBe nsdna nhtsawd. 'Hae ipeadwfab wbeh 
hiT« tnanbera of ca drnata sM can be nadr a rthnut »TTw«ea B>daen]e 
pnewranra make tba pwdr ^d steal fra itswrant twifaral prsetRs. 


Flo. 1 


FACTORS AFFECTING THE SEDLMEN \ \TIO\ RATE L\ 
TRYPANOSOMIASIS 

Tbiw fictora known to affect the ardnueniarKm rate are conmxmJv 
present in human trypitwaomiasi (1) \Tuemix ('*1 Plaarea prorem changes. 
(9) Antoagghitintfioo. 


(1) rxMuiv 

TTje svenge packed ctD voltirae of sixty -siv males and twenty two fnaakt 
whh ontrated trypanoaomunis was 30 per cent, and 23 per cent retpccibely 
TTna degree of is not suflScieitf atone to account for the t«T ta?** 

aedimnitalkD rates found tn this daease 


(2) rtASMr Fiamrr ojt caa. 

Stci and Boxxet (1938) give tbe normal senim trtsl protein u “V-S t 
SO-Sftantrocs per Dtre tn all cases of trypanosomiam with spinal fluid change* 
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c UOLUSS wn’ ^ 

exceeds lOO somctvmes 

, d vhat the toul ^'"rbul^-'^’ -rt^LLons, 

r:S b- -*-:r?.~^^^^ 

•r~ S^r— !H: ?"- ** ■" 

\';®"m o9«> ®"'“ ‘'’' '° ° ^ — rTTl 


, „ \ Alb^“' 

Total 

\ gTomn'C!' yo \ t’ 


■^ormaV 
Before treatme 
BeU«ttt courses 

After trcatrrrcnt 

Atrvontb^l'''^ 




5 ) 


calmin' i ^ i \ — ““^ 

\ — — ■ nt or not Itttwo 

he obstnt protcit 

^ .^...nr.BxrriN^tioN 


hsm-t protett' 

(3) precise seW°’'®^hio of both 

bsct e< »P‘» 

S'-T^ 

•^Uc foUo\N'tns ei an arci Scr^tcc start ana 

,n llcnuc VroMnee, & Sleeping Sicb qoo.OOO pcop' ^cd from 

;X'ei a “ - '’" ?<® c^O" ""-'= °' -'■"at 

','„l««d "1* ^’rj'erV'sW' """y «t=i'n Si« 

.^ruinate m nc'ng . rcconieo ^-rnturc (,/n , „ fractir 


SS '"'eS "r^ r--"" 'J-'n Since 

";;::ns-c » bcmtj-^^tcn -ncdcd » ^ «„re 175 S 

s^cdmicntatvon r at s a mcasnra • |.hour S P 

a iwUmtctrc, 1 «! 
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tmaaxTATicm *ati ato rerTAXOBOMiAWs 


rtadmg of tTenty-teren European maW In Baine Pnmnce, 301 baiiiy 
African malea, and 287 ACncan malea with tiypaDoao mt a tu . 



Fn Z— cent, fjmjaaxj djRzflxnSon <d Mdanectaiico rate* at I, fu ty-«e^a» 
riinifi wr mak* to Bcoj* rnwka- a II 301 heajihr Afrkao loaha III U? AfrloB 
Eukawhh tiypmMj at AOJ Pto. 


The normal European aeduncstatwn rate u kn than 5 rrm-L in 1 bmc. 
Hw oajontj of Afnoaaa hare 1 boor reading* l>elaeuj 10 nun. and U mm. 
Moat C8KS of tfTpanoaomlaai* hart rataa abere 20 mm. in the hour and, n 
alrady mentioc^ thu ii an app rori a ntwm to the packed cell Tolame. 

Table I ihow* the aedunentatKia rate in millln>etrc> in Ip mhmtf* of 501 
Afncana aa€«mg from trypanoMTinlaaii and of 654 normala. 

For ««-r tvo di T ii fa m hara been made m each frCMP' TboM wilbO) 

MDoaKKoim an cUrtoed into tbaaa arid) new tofarrirart tsd tfacae with re-W actfcp*- 
BT« dhided eto (boae new tnaled Cor tirpmcKaniwi* nd tfaoae Uum 
use 3 yc ai a prwtouair but aym>faao .4rTc and beOevad enred at the tin* m 


\ triba m rapraamted to dte iDBiTM Pid carii baa been Ueaied « 

rrouB of the n*m diriiiaci. Tha afea of p^Jojta aj# do* acaamrttly known tfaeP M^tT 
,re wpui* or iiihlirh nfH athiha tfaa aioup of *ebocJho 7 » doe* D 0 < ciifftr 

£n*n tboaa of ■luJa to the *ao»e atm and K ta beCered that 1 * ti not 

of SJt aacap t «t tba axtranca of Gft. Readmti l*ve baen okan dna« 

HMitha of tfa* ypar &t«a IW2 to IW3 no itofto groTO h« been eramtiied refokr^ 

ertiT manth to aee if tbara b «ty na a rr a l Tariatoan, Uit rince ttoupa 
• • • • • SJL h*\ baan found in the awne Tnmth e dHfctenl ana* “ 


it pj obaMe 




ti more to^aortoot 


^Twlbet Cht 


daferenc* betwwn giot^ b «h»e to difitTane* of tac* ew of pbe* haa not jt* * 


Dcntfto tba £tot that the groope aemg netmab *ra not fadfriknlly rampanb** 
with ttw gioupa «tTww,f tba hifccted, tha two groopa m wfaolt mar fea ynay ba etaa- 
I*iTd «>~s. both aim <Wn fnan th* iMapnladcn to *B coenan of Beiaa* Prwrinca. 


\ 
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C HOLI-«^S AND E ^EAVIS EANW 

, s R s d- "»' **'1*'®^? fTaW'^' PP 
XTS ^ ,, flar..s«. O' 

females but da a -witbou ^ 

«* IS no difference ^®^'''^g^^stosomiasis, or eal significant 

There is , -without scni might r 

between '''o“ ^ and those „„t be Istg® ^Sce between 

b, story of pM' s ^Jjai that they signihcant <h Matur* 

J^r^nnasts ««> » ^XSt-^o"' jtad” -*o“' 

Se wth sytnptonre Md asse^nterh wa' 

*' in 74 per eent of eases j.aapeement between S R 

'-t Tper cent of cases there was dehnr 

tnCfo'/rd — s 

"TC-s-- -:alt^re?o^d^»ce mas. sorvey ha, 

'S'” '^?rhry?«:trxld.».o^;ronp;^ 

\r— ' protem. 

Group 2 iryP CeUs + Vs F 

"“troops Trypanosom-o^^tStbfet blood or gland ,mee 

Groopd. Notrypanosom , T„„anoson,e. rarely demon 

*"“Gtop 5 Nervous relapse after trea.men^ ^ 

sttable^^^_f_______::_ 1 Mean c s F 
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ctDOfEmnoer kaix axd TcrriMnoiUAsa 


7uu 

VALB nm TMinB ro rvrrAMKiwiAn*. 
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1 
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1—3 

10—14 
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41 

141 j. t^s 
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113 

4 
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t IT ± • 11 

100-0 
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43 

33 
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IT ± 0 43 
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to ± Odi 

S3 S 

1 
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— 
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I-4S ± 0-IS 

lOOO 
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3 11 i: 0 IS 

34 -4 

4-1 
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- 

■9 «kb ii lipii— iifcwt 
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3-04 ± e-iM 

leoo 



_ 

— 
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31 

407 ± 0-41 

343 

U3 

47 

— 

Oitirl ^ 

« 

S-S3 ± 003 
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16 7 

— 
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• 
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11 1 

— 
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It 
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33 
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14 

3 34 1 0 73 
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tt3 
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3-fCi ± C~4* 

34 7 
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IS 
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T40 
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13 

IS ±041 

B3 3 

7 

^9 

pj 

TdoI 

El 

to ±0 13 

a 

m 

D 

D 

rmeao rw rrmincrcuKt ) oa mo 
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»fimtraLlM 




4 e ± ooo 

343 

J3-3 

143 

- 


n 

43J ±0-34 

T3T 

U4 
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3-M ± 0O3 

44 T 

33 3 
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s 

3 3 ± 3 13 

ao-0 

•44 
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100-0 
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3<a ± 0-T4 

74 1 

173 

33 



30 

37 ±0-30 

147 

133 




" 
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Toto — •*• 

n 

t-34 ± 0-41 

81 3 ' 

14 S 

IT 

~~ 
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303 

3 4T ± 0 U 

■rrrr 

14 3 

44 

13 
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m 

3t ±013 
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13 3 

4 1 

• 1 







C HOLUN'i E 


vfkus WITH nwjAvo'^ jM'i'; wv ca'^c- 


in41 

MikuTili \\ itK ssanptoms 

r.‘ 


„ no 

l< 

jn}2 

F Tii »unrs 

ifii 

in43 

Wularispo sur%r\ 

11 

1043 

Turn Tn 

■1 

1043 

Tunm Ti% 

F 

1043 

Gttan 

21 

1043 

Panda 

i: 

1043 

Nsict Tiv 

Miscellaneous C S F nomu! 

C S r ce'K + and ptotein normal 

3 ; 

4' 


- + - + 

31 


Total new ca cs 

1«M 


lean 

1 rrcjiienc} diatnlnilinn 

' U at 

per erru 


mrn ifi 

10 minuica 

(»— 4 1 P 10-14 

1 

: n4- 


mm mni n\m 

1 mm 

i 


14 7 db 

0 

no 

J 0 

11 s 

27 n 

.7 4 

) 1 -0 ± 

1 

1 

1(1 1 

21 1 

20 3 

4. I 

12 0.' i 

0 

.3 

" ' 

JO H 

31 1 

40 fi 
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1 

47 

n ‘« 

11 n 

23 

r,2 0 
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0 

13 


J It 

2'i d 
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113 ± 

1 

31 

— 

r. 1 

23 I 

(11 3 

12 14 ± 

I 

ns 

0 n 

33 3 

a 1 
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I 

(ti 

3 . 3 

II a 

II S 

41 2 
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14 3 

42 0 
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(13 
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<( 

22 0 

13 43 ± 

0 S3 
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23 1 
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4o S 
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III 7 
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MALF 5 )I 1 IS>TCTJ 3 > \ ITII THAIAND'.O IIAAls 
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23 0 I 
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9 3 ± 1 *1 

1 40 0 
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n on ± 0 'I 


12 K'l ± t> JS 
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orcMO'^*'' . ^ these b .^hcn 

_„a^s cases V , ^s Toto ^ - \ 

tbe '-The NNnes o^d »• ^ ^ \ 

;^flione ^^oted ^ UoiiWS'i “■ ' ,gg \ 


\ 

\ ^um- 

\ ber 


— m >a 

„ rate ntiTi '" ^ 

Sedttnent^to^^ — 

--'V T^nt freAt>e''‘'V__-r 


Group 


’ \ Meat'*'*' 

i \ 


I 


1 "’S '«» 

\ Treated Shears ^ 




\ n 

'In \ 

Tl 5 \ 


Treateo->" \ 0 ^ ± \ 

\ ' f SB- BveB) 

first thtee ^ 

T:he fi^sl '•n ^ - l1-- 

_ _ . cti\o— e^\ ---— n „ro/ 


first thtee ^ -'■-■'T'* 

‘'IZ-— — ; « 


=- ', \ S \ ‘ » 

® \ '^ ^° \ trvp9^°®°”'^ 4 5 sVtov^ 

\ — ' , .uot wVtcre ir/P Gro'^P^ t -o ^s due to 

— s sbovv clearly p S Y a btg^ ^ ^ 

These three corteUted ^ aud sugges'- 1 nd C S ^ 

gland of ^^s^the disease 

.-^ ■?; 5.-S" • -^ ■'T: - -s; 

S==fr4r»^ir,rrfjLrr~^* 

ueinels S'# S”= p,<,v.««. Ut ‘ ^6 1 mr 

r«® !! „te S”"" ' 

‘■’"""Sien cases toght m • 

10 minutes 


25% 

62 B% 
i 81'’> 
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■EDOOKXATlOjr BAT* ASP -niYTA^jeoMuns 


Seventeen cue* (ten mile*, •ercn femilet) with tbnoriD*] CS-F^ IG4 mm. 
in 10 minote*. 

Fifty-rii nofmtl* m the woe *rt» bad the very hijb avenge S.R. (rf 
6 3 mm. m W nrfnnffa. 

Yaw*, leproay gmtre, filarmfa and hriminthttab were nmptnt m the 

area. 

Caaea of tjypaooaomlaaii obaerred dtst a period of 70 dija aitbcwf 
treatment, tbc 8 abowed no tendency to riie or f«1l 


Twenty Tlv tribe (malca and feojalea), Avtnfe 8.1^ at dugnoaw, 16 2 mm. 
in 10 fflxnutea. 

Sjine caaea, 70 daya later wftliout treatment, 18 2 mm. b 10 minatcL 
ObaervatiQn of a gronp of twenty-tbrce ccceptionally mUd caaea over a 
period of 20 nuntba iboncd tbit trypancaomca tended to dlaappear from 
tboae with low and to perxiit In tboae with bgb, S R. 

Daring tbe Itt year there w»a practkaOy do change in tbc tferage S.R. 
though conaiderahla indmdoal vanatMoa occur red. In the Uat 6 mootbi, 
bowrrer a aignlflcaot me of S.R. o c e ar rtd m tbe group in wUcb trypanoaomef 
peramed, and that ^oioaded with a deCenormtioo in then rJifriral co od rf yc. 
Tbe two group* are abown in Table n (a) and f^) 

Tbe difference between Groapa(«)i^(^) in each of the three obeemtiooait 
ataatiolly sgmffcant to m tbe difference between Group (a) b April. ISt4 
and in December 1^ In Group (() no t aypan oeomea were found In fifty 
four esammaliona. In Gtoup (a) trypancecmea were foond on fccty^e 
oat of Sixty three blood or fluid juice exammationa. 
tbe 8.R. c ban gea m ooe c*tc wbicfa bad to be treated after 6 montha' 
obecmlion form an intereatmg coctraat 
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mjedion. Some cua were ihnort certAmlj cured. It it intdrettog to octe- 
{tot the two ctte* with eoandertble C.S F change* had S.R. tbore the iTtnge 
at dugDoab and tt the atd of obeervatioo. All cates wer e vuhteqtieDtIj treated. 
Tani had tent for treatment in AprO, 1S44 hot rcfosed to attend the 
dapenaai 7 Datoro was aoffering from ctrehrospina] meningitii m April. 
1^14 and had a S.IL of 15 mm. (n 10 minutes. He ia ahown with a 3.R. of 
4} rTTTTi in 10 mmotes as this wo bit SR, m October 1043. He rcunertd 
after treat m a il with mlphapTiidhie. 

Venation m mitfancr ti probabfjr a more potent facta in cauamg tanOcn 
In SR- thm in Tinatlan of Tirulcpcf- This u Oluatrated in figura obtained 
il RmVi, a mimog district in Zaria Prorince. In an area of about 5 squste 
mOes tbae ia a population of about 700 mines Ubouras and 900 kal- 
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population The labourers and peasants mix freely and it is hard to believe 
that the former could be infected with a virulent, and the latter with a mild, 
strain of trypanosome Both groups are examined regularly and it is practically 
certam that no case in either group had been infected more than 6 months 
at the time of examination Nevertheless, the S R s show a considerable 
difference 

Example 



S R mm m 10 mmutes 

Average S R. of 30 mines labourers (males) wth trypano- 
somiasis 

Average SR of 2B peasants with trypanosomiasis 

(18 males average SR 90±0 94, 7 females average S R 

10 3 ± 6 6B) 

Difference = 

14 26 ± 0 67 

9 4 ± 0 81 

4 86 ± 1 06* 


*Thu u about /our Uma the ■standard error uhtch ts significant Had ihe peasant group consisted 
only of males the difference tcould probably have been greater [This Table not analysed by E L~F) 


While most of the labourers adnutted symptoms, t e , unable to work 
hard, none of the local population did so 

In both groups trypanosomes were easily found m a wet blood film m 
about 30 per cent of cases — a sign of early infection and probably accountable 
for the great transmissibility of the infection There is no difference in S R 
between cases m which blood trypanosomes are easily found and cases m 
which they are not Most observers agree that the infection m names 
labourers is severe, and this is usually attributed to exalted virulence due to 
rapid passage from man to man Lowered resistance seems more probable 
in this instance This nught be due to the greater mcidence of other diseases, 
poor living conditions or, most probably, harder work In cattle, exercise is 
a sure method of activating latent trypanosonuasis That fatigue does raise 
the S R IS shown m the following example a Tiv male, treated for trypano- 
somiasis with 10 grammes antrypol and believed cured at the time of 
exanunation, though subsequently he suffered a nervous relapse 

In the treatment of trypanosomiasis mterest is usually centred on the 
changes m the nervous system To the epidenuologist, this is of secondary 
importance It cannot be over-emphasized that as a cause of depopulation m 
Nigeria the parasitaemia is of primary importance Even m cases with 
considerable C S F changes it is usually the parasitaerma rather than the 
encephalitis which kills The relatively uncommon case m which the blood 
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infcctioa ■eeati to btve dred out « bile tbe bmo a nill infected comes to ooe t 
notice eventiuOj u tbe rilltgc-tdiot tjpe locb osca (fie from mability to toot: 
after tbertadrea rather than at tbe direa result of tbe daesae. 

TTte 3.R. a the best guide to the aet eri ty of tbe bkiod infeedotL Sjmptocni 
are a (ood guide oalj irben one a mUmaleJjr acqnainted with tbe patient. On 
mm turvtf tbia a impoaaible. There a no eridesee that caaea high SR. 
are nvare dLSeolt to cure except m that tbef are often aaaooiied vnb adrsnoed 
neivoQi Inrolrexuenl. 

In tesung the trypanoddal actrrity of drugs it b important to rnnetaber 
that in caaea o th Ujw S Ra trypancsotBs* fretjoentiy dltappesf for long period* 
without any treattneat at til and tome caaet may eren be *poounc«aJT 

Ferhapt tbe mart rahiable oae of the SR- is m the diajooaa of 
f-f.. On nuMaarvcy S Rj should be dooe eo all cases in » hkh trypancaooie* 
cannot be found Those with hJgb 8 R. are gira a tmgie myection of intrypol 
or pentamWme and re-eiammed when trealinent rtarta a owoth or more later 
Thoee wUch tbo» a prooouoced U1 of SR, tbould be regarded u caies cf 
trypanoaonifluis. 

TTie decrease In S R, b positive endeoco of the trypanocidal potier « t 
drug and Is raluaWe coafirntttKJO of tbe negslirt tvTdtace of failing to find 
tryptnotomea. It must, bowertr be stated that trypanoaoroea can be present 
in blood with t normal SR. but thu a rare. The idea that SR- ertlmrtion 
can be a rjbrtrtcte for C.SF esamination has been abandoned. To anmnamc 

In tiypanosombsts (T ftmSttmft)— 

(«) A krw SR. indicates an early infection of low Tiruleoct. 

(*) A high S-R- may indjciie an early urfecikm of high nroknee or a 
Jang Handing infection of low virulence or concomitant dbease, UTsaterer the 
cioac oftbe bigb S-R. h ptobaWy eamea a poor progooab as h b an opresooo 
of the patients lowered resistance. 
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THE SEDIMENTATION RATE IN THE TREATMENT OF 
TRYPANOSOMIASIS 

Groups of cases of trypanosomiasis treated by a variety of methods are 
shown in Table IV 

Unfortunately, the groups are too heterogeneous and have been exammed 
too irregularly for statistical companson of their S Rs In general, the S R 
decreases daily by about 0 2 mm , but mdividual cases may respond much 
more rapidly The daily decrease probably depends as much on the patient’s 
physiological responses as on the trypanocidal action of the drug The 

Table IV 


Group 

Cases 

Treatment* 

Inter- 
val m 
days 

Aterage 

SR. 

before 

Average 

SR. 

after 

Daily 

decreases 

Wannune 

20M.&F 

None 

70 

16 2 

16 2 


Tm-nonpr 

20 M* 

A,0 2x1 

74 

13 4 

6 9 


Rnntfnrn ^ 

11 M. 

A, 0 2 X 1 

63 

16 0 

8 0 

0 16 

Gitata 

12 M 

A, 1 0 

38 

10 2 

8 4 

0 06 


7F 

A, 1x1 

38 

11 7 

6 4 

0 14 


IIM &F 

A, 1x1 

100 

12 3 

6 4 

0 07 

Makurdi 

lOM &F 

A, 02xlA,lx3 

17 

16 7 

12 5 

0 185 

„ 

11 M &F, 

A, 02xlA,lx3 

22 

16 6 

9 3 

0 28 

H 

6M 8sF 

(A,0 2T, 1)X1(A,1T,2)X3 

19 

17 6 

12 2 

0 32 

tl 

19M &F 

(A,02T,l)xl(A,lT,2)x3 

23 

16 4 

9 4 

0 26 

It 

7M &F 

T, 2x3 

16 

14 4 

10 2 

0 27 

Wannune 

7M &F 

(A, 1 T, 2) X 6 

30 

10 1 

6 6 

0 32 

tt 

6M &F 

T, 2x6 

30 

16 

9 1 

0 23 

n 

3M &F 

A, 1x6 

30 

16 

8 

0 27 

Bimawa 

IIM &F 

P, 0 1 X 10 

10 

20 

16 6 

0 16 

H 

IIM &F 

P, 0 1 X 10 

64 

20 

7 7 

0 23 

Zongon Aya 

lOM &F 

P, 0 1x6 

36 

16 4 

6 06 

0 28 

Banki 

9M &F 

(A,0 6T, 16)x9 

40 

13 9 

4 4 

0 24 

Makurdi 

6M 

(A,0 2T, 1)X1(A,1T,2)X3 
T, 2X6 

60 

16 3 

3 9 

0 26 


6M 

A,0 2x1 A, lx3T,2x6 

48 

10 2 

2 

0 17 

Jume 

10 M 

(A,0 2T, 1)X1A,1X3T, 2 

X6 

46 

12 2 

3 8 

0 19 

Donga 

IIM 

A, 0 2x1 A, 1X3T, 2x7 

62 

11 1 

3 2 

0 16 

n 

6F 

A, 0 2x1 A, 1 X3T, 2x7 

62 

16 2 

6 3 

0 19 

Panda 

11 M 

A, 0 2x1 A, lx3T, 2x4 

33 

11 3 

4 9 

0 19 

Lafia 

3F 

A,02x1A, 1x3T, 2x4 

33 

17 2 

11 2 

0 16 

IM 

Anthiomalme, 4 c-c. X8 

55 

14 

2 6 

0 21 


2M 

NJtB,0 76x 

27 

11 2 

6 

0 19 


A =. Antrypol T = Tryparsamide P =. Pentamidine M =. Males F = Females 
First figure is number of grammes Second figure is number of mjections 










2J6 tEDOcDrxATStys bati aw Tr\TA.tnf'UTi*i« 

tt*ad*rd coom tmXmeiil for »Ui >ey dw b eight in}ettion*, three <J 
urttTpol, foOo»ed bj fire of tr^paiMnude given ereiy 5th dtj tJu* coone 
Uio 36 diy*. ThetTer^3.R. of euircy c*$e$ b 13 mm. in lOmmute* toCifl 
to less thsn 5 mm. in 10 mmotes, « 9 mm. »t 0-2 mm. per dsj mooli tike 
^ diyi. Serero cases which are likdy to relapse are cUefly seen at dapettsanei 
and arc given thirteen Injections every 5th t,f 65 days trestmeot These 
cases average about 17 mm. m 10 mtoaes and therefore take about 63 days to 
return to normal Although the 8JL ts only a rough gmdc, {t b rcasooiUe 
when using thb form of treatment to ctuTtinue untfl the S.R. has returned to 
Dormsl up to a mazimtun of tirenty in;cctiona, 96 days. 

It la not tuggeated that cllntcal piu^^ t ca s ahould be ignored, hot unfer 
tunstely the dnacsl aapect of the patient during treatment b an mn poertr 
bwficslion of hit lability to relapse at dognoso. Nor n it sugestei) 
that C.S F findings thcnld be ignored, but under present conditions-HibeD 
about 16000 cases are treated annuaQy under the nonuna] supemson of three 
medteal oScoi spread over an area the sbe of Bntam— thb method of 
controlling treatment a unpncticsble. A few caaes bare been seen In vhkh 
the S.R. seema to have been a more relbble iadkatioo of failare than the 
C.S P finding and it b therefore worth doing in boaprlal practice where 
facQit es are better for finding causes other than trypaxtesombsa for a S.R. 
wfarefa does not return to normal. 

Fig 3 shows the effect of treatment oe the S.R. of ta gr ou ps of cases. 

The C.S F of Croop I cates might m some have returned to mnsd 
wlthcnt further treatment snd tome of the cases in Graops 2 sad 3 tregfat 
eventually have relapeed. but there is no doubt that Group Ins whole hss 
much the poorer progooaa. 

In cases retumhig with nervous rdipae after an adequate course of treat 
meot, the S.R, U valaeiesa. 

Treatment of other dbease* with high S.R. by lotrypol and tryparsnmde 
does oot cause an appreoable faO m S R. 

Thi SmaiErTATioM Rah ct ^ aikwi DiaZAsa or AnucAia. 

To deal adequately wHh tha subject a separate treatise would be required. 
A few somewhat dogmatic generalnaOons Uloatrating the value and liinitstioe* 
of the test in the mass diagnewts and treatment of trypanosonuaib are all that 
can be g i ven b«. 

Aofit bociwriMl pt/tettmi . — In these the S.R. nses rapidly and soon retorw 
to normal, eg pneumoda, roeningrtls. Since such patients are obviawlv sict 
these ccawbtiora ts a cause of high S,R. arc a« hlelt to be owtooked. 

Syphla a nJatrvely uncononon la Benue though comrooe m ims< ef 
Northern Nigeria. The S R. ia hJ^ and intense autoagglutmation b present 
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nay be impowxble owreover the two may co-emt Ho were the Wjli 
8 R, due to iyphfla doe* oot £tll od treatment with entrypol «t It doei k 
trypaaewommii. TYcattDent whh NXB, boweref cxoaei t M of S.R. b 
both doeaaet. 

Cmci With high S,R- btrt oo other iifni, often girt * hbtoty of lyphiSt 
Yasa — Cue* whh the *ecoiuUf 7 ernptkcQ tamfly hare ■ 8.R. cf 5 to 
10 mm. in 10 mmatet Tcrtary case* with ulcerttloo hare a very h%h &R. 
CaM* of daro*, jaxta crtidilAf Qo^ tod those with c history of ytw* hi childhood 
have nortDal S TL 

Lfproty — The S.R. ia DsuaOy atxMvmal. Somctxma very hijh hot tome- 
time* n ortuj J enn in apparently active case*. Two case* of trype w on ma 
bare been seen m which the SLR. did not rctum to Dormal with treatocot. 
A year later both cate* had feproay which ms ooC prcnoosly apparent The 
proportion of grtmiy abnormal S.Ria la highest in dittricta where l ep ro sy t> nfe. 
Stim the incubation period may be 7 year*, ft t* qidte poealhle that many hih 
S.Ra. are dae to latent leprosy 

UtboKlJadsu. — Ascmiu Tnshau and hoolrwonn mfestaticn do not appear 
to affect the 3.R. except when aerere anaenm n pre s e n t 

FtZ«*ant— No lacretse m 8 R. except In aome cases of dephaotbut 
Eoropeias with swarms of mkrafibroe in the blood hare abaofntdy normal 
aRs. 

.SobeteMsaiartf t* a onoal by Aftksa standards except when aecflodary 
m/ectiofl or serere Iher damage ts present 

O&roRW atpAntu asd aepibratti S.R. osnaHy high. 

Tn^UMJ aher — S-R. very variable. Cases whh rapidly ea t en ding ulco* 
hare high 3 Rj which fall on treatment 

C^frf — There m a marked asaooatko of goitre with leprosy Cases with 
goitres do ooC differ from those wiChmt in the same area. 

yVypoKfimam. — That tins DDay be a cause of high 3JI. withoot sny 
other sign b apparent from the rest of the paper It ahoold be rcmcnihcred 
that in women pr^nancy » a cause of higber S R. 

TkifratJata . — Very high S.Rj an usnally foond. 

of the high S.R- of the apparently normal Afneifl cannot 
be fully dneumd here. It I* almost certainly not radii. Dr I C. Btratt* 
has kindly cocisulted kadmg American haematdogists, who report no difference 
in S.R, fJ normal Ammcan negroes and whites. Recent unpubUahed work by 
the Army Roearcb Unit at Accra hu found that the majority of aornjd 
A&Ksn troops have a plasma protem tihumin'globulia ratio of aboot 
u con^Mfed with ! 7 I in the Eoropcaa. Thu is almost certainly the b**a of 
the difference m S-Ra The writer wu unable to cause any decrease in ^ 
in a group of thirty schooftwyi by trealroeni with tnepserme for 12 days. Toe 
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the diKMe oo wtune tropfcaL icmce in tn<E» w Bonm, tad Ua nnai 
dorttK® td rjwjaocat wii from 3 montia to t yeir Three ot the 
had rcceiTcd Irrer tretlmcct before tbor fittt fit ajrrt tlw othen lad bd 
no tberapT- other thu a law fat, higb-protein (£et. 

Tba aencn! pnxxdon to taka a foadn^ wanpW of 10 ibI. of blood, and 
at 21 3 31 aod 4 houn after tbe ataadard fatiy tnMt lo nu at tba earte onVa 
tb« tming of tba anfitai vu di^erem bat cxpcncnc* abond tbat vkh thi nnl 
tba higbot IcyW of aenim f^pdea ky boraccs 2 aod 4 bomt, «k 1 th« dm cim vm 
tban adhered to. Tha aeaaiard £nty OMal cootiited of d pA*d ctaponted aid 
comaiaad 18 cr aatiuu of raSfc Cat. Moat other wo tfc wa Iwra a mmA tual ef 
higfaar kt c ontam , ahcnt 50 ^ao i m w m bar* davktt d fioca tba a c ce' pta d ptrud u ia 
for dta folknrkif mmexa — 

(!) Era p or ata d oSk an *a botnocaaeoua and acanialy rcpro du dblt tnaal. ao tfaM 
h h potalbla to compare otStirBi catrt» fat ih* aama 

O 'Tbo meal to ba tolrcabla erot to tha moat acme casee of apiuei erao enh 
the amidl dam of fat aaed, aerenl of oar patina were DAtaeatcd, and they mold ccrtafady 
hara with larger 

(S) Larxar meth grte nne p t ofaogad Haa in tha blood fab, arfakh nay net ba 
mwi i n al e\eii at 4 houra with oar meal, the maximam riaa wfaiao 4 bxoi, and tba 
taat cndd be completed in that droe. 

(4) AD the patfatUB atodled were alao oo fat babm-e, ai^ h area daahefrft to gn 
them meal « hw £« cumgm wea about the awna aa thafr normal breatfiat, ao that oedy 
amcD adp-crtmeota «en oeoded in tbcfa fat fauake for the reat of tba day 

The ttipdard fat »aa( ana gWcn by math, and not by doodenal txiba, for rt m 
ftnrA tn p r ^6 ml n«r y g i iinh n gm that tat gtrtn hy rtnodwra! p mhwaaj Mi dc^Bifa 
rhnge m ifae efaTta nl cwo co u rt and blo^ fat Wrel than the amoa araoos of fat graci 
oaDy TUa cow ba a itiDjuied to maU faiceatfaia burry ebes quantity of tsaorrial b 
faurednead mto cba daodeaum it fa of mtcatat timt PyrnaoM rf oi (1M2) foond (hat 
aolpbudaxtoe gi i cn by cube produced lower blood lard and enaiiy cnqtit 

tto the aera* doae ghwn by mouth. 

Tou] Itttj add, Irpidc phoapborui and toul cbofestcro) were defenttbed 
on IQ ilcohol-eiber extract of 5 of eerum frtrm each tample. For total fifty 
tdda, the method of STooOJUto and Diitit {1929) wu modified by the uw of 
a Jcoi itmcred gUn crudbie, poenuty 3, in place of a Gooch crndhle and 
filler ^ filtering the fatty acid auapcoaion the final tltmmo wu done 
IQ a IS tnL loQg-oe^ed volometrfc flask, lo miniontc ibaorptioQ of CO,. Lipide 
phoopbocm wci detenmoed cofooiDetnctlly oo ashed ahquoti of akohd'ether 
extract. Total cholesterol ims etUnated by Ssekett s method (Kixe, IW5). 
Relatire measumnetus of the opacity of the sera wero made in a Kkc 
SuTomeraon photo-electric colorimeter aod the chylondcroo count wm alio 
done (Focf«man 1947). 


RESULTa 

The ctwnplctc figures for the falcarra ■rtpTenin the Appctufii (page 251) 
TTie obaerred data in these tables are the tool fatty aad in mEq./L^ tbchfWe 
phmphora m mg /lOO mU *nd the lc*il chotestertij in mg /lOO ml The 
taloea jrT«i for phoapboUpide fatty aod and cholesterol ester fatty aod if* 
caJcoljTcd oo the r»rne asauropUoos as were made by Pttbb aod Mait (190) 
tn their extensire Rudy of nonoal aemin Lpide Tahics. The raJae girefl /of 
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neutral fat fatty acid is the difference between the observed total fatty aad, 
and the sum of the calculated values for fatty acids in phospholipide and 
cholesterol esters 


THE FASTING VALUES 

Table I gives the mean values and standard deviations of the hpide fractions 
m twelve fastmg specimens from mne normal subjects , the values are m good 
accord with the much larger normal series of Peters and Man (1943) The 
sprue values given in the same table are derived from twenty-six specimens 
from thirteen patients , three patients who had received liver treatment have 
been excluded The average value for total fatty acid is lower in sprue, but 
the difference is not significant. On the other hand, phosphohpide and 
cholesterol fatty acids are both lower m the sprue patients, and the differences 
are significant (P<0 02 and <0 01 respectively ) The average level of 
neutral fat fatty acid is higher m the sprue patients , although the difference 


Table I 

FASTINO SERUW LIPIDES IN NORMALS AND SPRUE PATIENTS 





Coeffigent of 


Mean 

Standard 

vanatiOQ 



deviation 

(Per cent) 

Nonnal C12 specimeiu) 

Total fatty add (m£q /L.) 

12 45 

± 2 47 

10 8 

Phoipholipide fatty aad (m£q [Lr,) 

Cholesterol fatty aad (mEq /L ) 

Neutral fat fatty aad (cnEq /L ) 

68 

3 71 

3 43 

i: 0 78 
=t 0 54 
± 1 63 

18 8 

14-6 

47 6 

Ratio of phospholipide to total fatty aad 

Ratio of cholesterol (nu: /lOO ml 1 to hoide obos- 

0 43 

± 0*04 

08 

phorus (me /lOO ml 

21 8 

± 2 14 

9 8 

Sprue (20 specimens) 

Total fatty aad (m£q fL.) 

11 05 

±2 57 

21 6 

Phospholipide fatty aad (mEo /L,) 

Cholesterol ftitty aad (mFq /L.) 

Neutral &t fatty aad (mEq /L.) 

4 64 

3 10 

i 0 74 
d: 0*6 

18-0 

19 4 

4 10 

±18 

42-0 

Ratio of phospholipide to total fatty aad 

Ratio of cholesterol (mg /lOO mL) to lipide pbo*. 
sphorufl (mg /lOO ml ) 

0 307 

± 0-0567 

14-0 

21 0 

d: 4 16 

10-0 


between it and our own small senes of normals is not statistically significant, our 
mean level for neutral fatty acid m sprue is significantly higher than the mean 
level in the large normal senes of Peters and Man (P<0 02) The ratio of 
phosphohpide fatty acid to total fatty acid is significantly lower m sprue 
(P<0 01) The ratio of cholesterol to lipide phosphorus is the same as m normal 
subjects 

CHANGES IN SERUM LIPIDES AFTER THE FAT MEAL 

This analysis of the changes after a fatty meal is based not on “ peak 
values, but on the average mcrement over the fastmg value, usmg three 
specimens taken between 2 and 4 hours after the meal It will be seen from 
the curves that the tune of the peak after takmg the meal is vanable even m 
normal subjects, and a good general picture of the changes m serum lipides 
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cinmK be b**ed citber cm the hfgbat recofded Tih^ (whii nuy out be the 
tme petk), or on a ttoglc it cttimHien at a Kt time after the mr^t , Tj* 
period 2 to 4 boura baa been choaen beeroae the hJgbeat recorded nJoe fer 
total fatty aoda MU within that penod In all the oormal coma, ttid iu iH 
btrt twx> of the thirty-cue eprue -curvea. Both in apeue pattenu and in ocn&tl 
controH, the hlgbeat recorded aalue waa oaually at 3 er 3J boura. 

Tabie tl abcma the arerage locreo«art ni total fatty aod tod to 
the Txnooa npide fracticmi, in elertn nonnal currea and thhteen c u ttc i oa 
patieata wrth tprue. From tha apeue •cnea, there hare been esduded til 


Tuu n 



treated caaet, and all the currea m which flyceropboaphite ox lecithin 
gireo with the meal. In both normato and tprue patieota, the change in aB 
the blood valoei waa ranaWc after the meal. For totaf faitj tad ooe twnml 
subject bad a flat curre aod two othen bad an arerage Incretnetu of km than 
1 mEq [h. In tbe ipnie aenea, one patient had no incrcaae m total fatty aod, 
and seren othera an increase of leas than 1 m£q. L- Tbe averaje locrement 
m total fattr add after tbe meal u tbe sprue patients was leas than half that 
in the Domsda. Increase lo p*aspAo4p »^ /*^ty was leas c o ettant than o 
total fatty sad fire nibjects (normals) and six sprue patietst* shenred a fw 
m lipide phoaphonti after tbe ineaL One factor m bnngtng about this ransblc 
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response in phosphohpide fatty acid seems to be the fasting value of phospho- 
hpide , on the whole, curves with high fasting values are more likely to show 
a fall in phosphohpide after the meal, but the correlation is not close Smce 
the fasting values for phosphohpide were lower in sprue patients than m normals, 
there may have been some bias in favour of a phosphohpide mcrease in sprue , 
but in spite of this, the average phosphohpide increase in sprue cases was only 
60 per cent of that m normal subjects In the normal subjects, the meal 
caused very little change in the serum cholesterol , two of the subjects showed 
a slight fall m serum cholesterol, and the others small increases, the average 
rise in cholesterol-combined fatty acids being only 0 088 mEq /L All but 
three of the thirteen sprue patients showed a fall in the serum cholesterol, the 
average decrease amounting to 0 262 mEq /L As one would expect from the 
comparatively small changes in cholesterol and phosphohpide fatty acids, the 
great part of the increase in serum hpides after the meal was due to fatty acid 
in the form of neutral fat This apphed both to normal subjects and sprue 
patients, but in the sprue patients the mcrement in neutral fat fatty acid was 
usually greater than the total fatty acid increment, owmg to the fall m cholesterol 
fatty acid and often in phosphohpide fatty acid While the average increment 
tn total fatty acid m the sprue patients was less than half that m normals, the 
increment in heutral fats was about 80 per cent of the normal increment Only 
two of the sprue patients failed to show an increase in neutral fatty acid after 
the meal 

In summary in the normal subjects there was an mcrease in total fatty 
acids after the meal, a smaller and less constant increase m phosphohpide fatty 
acid, little change in the cholesterol fatty acid, and an mcrease m neutral fatty 
acid sufficient to account for the greater part of the total fatty acid mcrease , 
the changes are in general accord with the results of fat curves in normal people 
as summanzed by Bloor (1943) In the sprue patients, the mcrease m total 
fatty acid w'as less than m normals, phosphohpide fatty acid was also less 
increased, cholesterol fatty acids showed a definite fall, and the mcrease m neutral 
fatty acids tras not significantly different from that in normal subjects 

CURVES WITH GLYCEROPHOSPHATE, CHOLINE, AND LECITHIN 

Verzar and Laszt (1934) showed that the addition of glycerophosphate 
increased the absorption of fat from intestinal loops m the rat Preliminary 
experiments show ed that; the addition of 10 grammes of sodium glycerophosphate 
to our fat meal increased the chjlomicron count both m normal subjects and 
sprue patients Table III (page 246) shows the results of paired fat cun^es, 
with and without 10 grammes of sodium glycerophosphate, in one normal 
subject and six patients with sprue In the normal subject, the gljcero- 
phosphate cunc showed a greater increase in total fatty acid, mostly accounted 
for bx an increased increment m neutral fat Of the sprue patients, three w'hosc 
fat curxe without gljcerophosphate was low showed an increase with gljccro- 
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*nd two when (Ptiieiti 1 and 0) wbo« fit carrcwti CcriyiKTOjl, 
ibowed « mall incrme wfth gljceropfaoaphtte. Patktrt 3 differed fna 
the other* m that hj* ipfarent £n alaorpticiii witbota gijeeropboepbBe w» 
imuetttDy high, u>d ho ihowed i •nancr inaoiaent m the giycerophoophiie 
cttrre t h a n m the “ cootrtd cum. G!ycoophc*ph*te could not be lud to 
have a tpecific effect on any mcCndual fraction of the fat. For cxtni|ife, there 
were locrease* m pbacphohpide fatty acid m ci e in ent In four corre*, and 
In two DO vety etrfkiDg ciiage* occarred la the clwJoterol fatty idd, erapt 
in one corre where a kr^ decreaae m cbotetterol fatty aad la the corre without 
giyccrophoaphatle w» abaent m the gtycerophoaphaie emre. Patloni 2 and 5 
who had ahowc a fall m Dcntral fat fatty add la the corre wHhoot flyeero- 
phosphate, had incrcaac* m neutral fat fatty acjd when glyceropbosphate mo 
grren but the other four patimti ahowed amallcr IncreiiKats of oeotral fu 
fatty tcid m thnr glyceropb^faate currea. 
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Aduxsbedo and Sobotxa (IMS) found that the additkm of 10 to 15 
gramiocs of 20 per cent, cotnmeretal lecithin to a kt meal mermed abaorptioc 
ID a frpjH camber of nonnala aod aprue patiems they used a tmgle mJEoatKOL 
of blood fat at 4 houis ai thor measure of fat absorption. In three cunes 
done with and without Icatidn, we taed 10 gnmines of a prqwrstioQ foond 
oo aoaljsis to er<rtfafn SO per cent, pboapbohpick, so tb«t oar dosage wu i htile 
higher tVaTi the actoal amount of lech^ giTcn by ADuafarao aad SoBoraa. 
Of these three uur re s ( T atieatg 5 8 aod 9) two ahowed a •mailer usiease » 
the total fatty aad when (eckhm was jiren, while the third had a larger total 
fatty aad increase in the lecithm curre but nor* of ihttn ahosed the brfe 
lacreise reported by ADtt**»«ito and Sosotxa. One patient (Patient 5), wfao 
had ahown no Inmaae in his kotlnn cune, showed a definite tocreasc la fat 
fascretnott with glycerophosphate; The doiw of ledthin taed was imall m 
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comparison with the glycerophosphate dosage, and it is possible that a larger 
dose of lecithin might have given a more definite response TWb curves done 
with 5 grammes of choline gave no evidence that choline increased fat 
absorption 


EFFECT OF LIVER TREATMENT 

Table IV shows fat increments m four patients with severe sprue, 
before and after treatment w'lth T C F , an Indian liver preparation 
This was the only liver preparation available to us in adequate amount , in a 
dosage of 4 ml daily, it was found to be clmically effective, all the patients 
showing general improvement and definite gam in weight The figures show 
that this clinical improvement was not attended by any dramatic improvement 
in the fat curve , on the contrary, three of the four patients shoived smaller 
fat increments after treatment These results arc superficially at vanance with 
those of Barker and Rhoads (1937), who found that intensive liver treatment 
improved the blood fat curve , but they used a much larger fat meal, and a 


Table TV 

AvmoE Tat IscnrMi^m Before ako Arrai TREATAtCKt T C-F 


Pttient 

Total 
fatty aetd 
(mEq /L,) 

Phwpholipidc 
fan> aad 
(mCq /L ) 

Chote tcfol 
fatty 8C4d 
(mEq IL.) 

Neutral fat 
fam aad 
{mEq /L.) 

4 

0 20 

Before 
— 0 10 

— 0 20 

0-C5 

10 

1 13 

0-04 

— 0*00 

1 so 

n 

1-01 

ft &2 

— o-ul 

0 M 

12 

0 n 

— 0 03 

— 0 3:» 

0 £2 

1 

0 23 

After 
— 0 17 

— 0-03 

0 43 

in 

— U 10 

— JD 1C 

— n Wo 

0-4)2 

It 

n 

0 20 

— n-07 

0 37 

\z 

0 40 

— 0*09 

— 0 32 

O-Ol 


different Incr preparation, so the two sets of results arc not strictly comparable 
\Uhough TCP has been shown to be cffcctne m pernicious anaemia, as 
well as clinicallj cffectwc in sprue, it is not a *’ crude " Ii\cr preparation, and 
so ma\ not ha\c contained the unknowai factor which improaes fat absorption, 
as shown b\ Barkfr and Rhoads Our lack of improaemcnt in the fat cuncs 
was in conformit} wath the failure of T C F to dimmish the stcatorrhoca 
apprcciabls in these same patients 

DISCUSSION 

It IS rciRonnblc to suppose that increase m the serum lipidcs after a fatta 
meal is mamh related to tat absorption \s a method of siudaing fat absorption 
howeter, the use of blood fat cuncs has limitations which must be kept in mind 
m an\ interpretation 1 he change m blood fats is likch to reflect the rate at 
which fit IS being ab-'orbed rather than the total amount For example, three 
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of the Dcnnil wib^ecti h*d aejE^le chtago in the »mim hphia, j« 
of them h»d*ete«crrtH>«i, *0 ihetf uWmale tbMrptioo of f« mart ia\c bet* 
KlequUe. In the *pme r*t*entt. too, dwe *n» no clo*e cottelawo between 
the mertmem m «njra Upidc, and the total fat ahwrptwn aa detenraoed by 
haltftce csperuneiu. Eten if ftl 0 bring abawbed at the tame me, the ehanje 
in the blo^ £fti may at£Q be different from one coree to tia rv-rt, foe frt b 
rancTTcd from the biood-ttreatn into the Iirrr and time depota in a rambfe 
amcTOt, at a me whicb cannot be dittsaiy deter min ed. The brjm riaage 
in total fatty acid obaenred in our wbolo acrica wta 5 3 mFg /L, md tha 
could be accounted for by ID grammea of absorbed faL Moat of the oert 
menta tnren in nonnai anli^ecta were tnoch smafleT ao it am be laid that temn a l 
of fat from the Uood occun in CQoaiderable amount dunng the period of a Cct 
curre and the obaerred blood changes are only the resuloutt of [tt absorbed, 
and fat remcred to the lirer and depots. A further ccoipGcstion b int ro do ce d 
by the poeaibdrty of lipide atufri between red and scniin. Considerttnos 
of tlz 0 kmd aerre to expiam the great vamhUity o b se t re d by all wcrteri 00 
fat eurrea. Tbe cureta r eport ed here are equally Tarwbte, and the aprae" 
and " normai ranges orerlap widely ft can adH be aaid, lio acs cf that la 
sprue pttknu the arerage rHe in amim lipidcs after a fat meal a knrer than 
the av enge nortsal rue. Thb fiodasg a m godd acccad whh the toort dtfitate 
endeoee of impaired fat absorpdoo which n grren by stool analysis It emhraa 
earlier work done on small numbers of patients (Baubi and Kboam. 1937 
AousnExo and Sobotca 1943). 

Compajisco of tbe partitxra of lipidea before and after the meal is of iiomst 
m relation to the hypotheas put forward by STAiCfrs (1912), to exphm tbe 
mechamsm of fsolty absorption in vprue. Stinkcs accepted the ** paitnkn 
theory ” of fat ahiorptKm (FKAtzi, 19)0) which claims that fat b absorbed 
partly as *' neutral fat ** in a very ftne emubioo, and partly u ** spht frt, m 
which case phosphorylatKra may be an mtenoediate atige m ahsorptios. 
Staxvc* auggested m sprue the essemwl defect ww m phosphorybiioo. 
and so tbe absorptioa defect would coocem only split fat and cholesterol boi 
wotdd not affect the absorptian of neutral lat tboK of our r es u lts which arc 
m bannony with STAima s hypothea 0 may be tummaraed as foCows — 

(1) Tlte fasting rtiues for cholesterol and hpide pbospbona are argm/i- 
cantly lower in sprue patioita than 10 oonnal sab ^ cc ts the festmg raloes for 
neut^ fatty aad arc normal or e>en mercased in sprue. 

(2) After a (arty meal, the arerage increase in aH the lipide fractiaos t» 
smaller in aprue paaents than in normal aubjecn but the neutral fa Inotreeirt 
b) sprue la 80 per cent, of tbe normal average, whereas the phaipbohpidc 
increment 0 only 60 per cent 0 / tbe normal image. Tbe fact tlwt an locresse 
in pbosphobpidc occurs In about half the caica of aprue does n« necessarily 
mean that they arc absorbing fa la that form, for phorphocytatioo of fas sbo 
occurs m the brer and RcXHAltiTr rf ml (1944) hare shown that pbosphriipWe 
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formed m the hver can enter the blood-stream, whereas phosphohpide formed 
m the mtestme is not available to the blood plasma On the other hand, the 
results of blood analysis cannot exclude the possibility of fat being absorbed 
as phosphohpide, and reconverted to neutral fat in the intestinal wall before 
entermg the chyle 

Two of the sprue patients showed a fall in the neutral fatty acid after 
the meal This might be caused by unusually rapid withdrawal of fats into 
the depots , but it is also possible that some cases of sprue may have an impaired 
absorption even of neutral fat, as a secondary phenomenon comparable to the 
general absorptive failure found m chrome starvation 

(3) Normal subjects show a negligible change in serum cholesterol after 
the fat meal, in spite of the fact that a fatty meal stimulates the outpourmg of 
bile In the sprue patients, the fatty meal is followed by a decrease in the 
serum cholesterol, which can best be explamed by a failure to reabsorb the 
cholesterol secreted into the bile 

These findmgs can be mterpreted as showmg that neutral fat is well 
absorbed m most cases of sprue, whereas there is faulty absorption of cholesterol 
and of spht fat, at any rate m the phosphorylated form The general limitations 
of blood fat curves as a measure of fat absorption prevent these findings from 
constituting a satisfactory proof of the Stannus hypothesis , such proof must 
depend on observmg what goes on m the intestinal wall or lumen, rather than 
on such indirect inferences as may be made from the blood fat changes These 
changes, however, lend themselves more readily to explanation by the Stannus 
hypothesis than by any other at present available 

SUMMARY 

Total fatty acid, lipide phosphorus, and cholesterol were estimated inthe serum 
of sixteen patients with tropical sprue, and nme normal subjects These estima- 
tions were repeated at mtervals after a standard meal contaimng IS grammes 
of fat , from these data twelve fat curves in normal subjects, and thirty-one in 
patients with sprue, were plotted It was found that the fasting level of total 
fatty acid in sprue did not differ significantly from normal values , but phospho- 
hpide and cholesterol were significantly lower, while the calculated value for 
neutral fat was higher than normal After the fatty meal, the total fatty acids 
mcreased less m the sprue patients than in normal subjects , phosphohpides 
showed a smaller mcrement than neutral fatty acid The cholesterol, which was 
little affected by the meal m normal subjects, usually fell in the sprue patients 
Sodium glycerophosphate, in a dose of 10 grammes, raised the height of the fat 
curve in five out of six patients with sprue , a similar effect was not observed 
with cholme or lecithin No significant change was demonstrated m the fat 
curve after a period of liver treatment m four patients 

Although the results of serial fat estimations m serum are no doubt affected 
by metabolic changes not directly concerned with fat absorption, the low fat 
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cam m iprue fit* in wtfl imh ttt more dimt cridenco of ftnlty to itontioo 
gircn by (tool »rtoy*i*. TIw change* m the different Upide fnokictt tft 4». 
omed m retokm to STiteto t hjpothe*i* the the aberptioQ defect tilectj 
ooJy tho*e Epfde* which ec phcwpiwcyleed during (bwrptioCL The ob*emd 
mult* an be weB opiained tm the bu» of thi* hypotbaa, but they cuoa 
be (xid to c o c mi bme dcreclly to pniTmg tt. 
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TRANSITORY NEUROLOGICAL SIGNS IN SLEEPING 

SICKNESS 

BY 

MICHAEL GELFAND, mb, mrcp, dmr 
’Government Medical Officer, Salisbury, Southern Rhodesia 


The appearance or development of symptoms mdicating nervous 
involvement m sleepmg sickness is somewhat rapid, usually taking a few or 
more weeks before becommg evident to the relatives and friends of the individual 
As a rule, by the time the patient is removed to hospital it is not difficult to 
recognize that his personality has altered His memory is not as good as 
previously, headache is troublesome, and he takes little real interest m himself, 
despite the fact that an initial anxiety for treatment may be evident As the 
illness progresses he becomes more drowsy and tends to fall asleep at every 
opportunity he is easily roused, but when dwakened is likely to return to 
his previous state of stupor unless his attention to the centre of attraction is 
forcibly held For a long time his habits are clean, but later he becomes incon- 
tinent of urine and perhaps faeces Epileptiform seizures may occur at any 
penod His face becomes mask-like and there are commonly tremors of an 
irregular type in the face and hands, the tremor being especially noticeable 
when the patient brmgs his muscles into play His speech is difficult to follow, 
becoming mdistmct and staccato He lies on his side either sleeping or with 
his eyes half open, stanng vacantly into space Even in the later stage, it is 
possible to get the patient to perform certain things or follow instructions, 
such as putting out his tongue, gnpping your hand, and even to appreciate 
his sense of position He will walk if told to, but with an unsteady and swaying 
gait and somewhat wide-based His interest is maintained only for a short time 
and he readily lapses back into stupor The appetite is poor Usually the 
food lies at his side untouched, or perhaps he may gather sufficient energy 
to have one or two mouthfuls, or — as is more usual — he has to be fed 

• M> thanks arc due to Dr R M Morris, Director of Medical Services, Southern 
Rhodcsn, for his kind permission to publish this paper 
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tJood but without tticceu. The eoitTgemcnt of the giind* m tl» otek ody 
hMtii M few djy*, after whtch they too dtatppcared. There %t* ao aiUrytd 
giaad clteTklxre. Nothtng wia done for another 10 day» when, as the pawfl 
was obtiotiily becottong coore ituputuua another lombar ponctDit was per 
formed, and oa thk occerion it was reported that the certbrwpiaal fluid w 
t«®tng wHh trypanoaomea. The ceD^axint was 536 per c.c, protaUy 
aH the cells bong {yropbocytes. The protein was high — 86 mg per 100 
and the chlondea were normil— 720 m* per 100 cx. The lumbar puncture 
was repeated 2 days later and the fiodiiigi were bong a tbe mjrfi 

the aame mith aleepmg aickneas paraaitca atiQ being seen m abundance. Further 
■tndy as to the type of the trypanoaome found was not made. Tbe case, 
bowerer wa protoblr of tbe Rhodedan type of alerping akhneaa vhice Gambon 
fleepmg airVnfta h not orchnarily found in tbe Rhodesm, and farther the 
duncaj ptet u re — the almoat complete absence of tymphstic glaodular 
colargenKtit and the more rapid inarch of erenta — {a niocattre of tbe former 
Tsxiety of the efiseaae. 

petiem was immeduudy put on to trypanxmxie, together with a 
course of pentamfdioe (Nt & B 800) \ total of % gramma of try paaam ide 

wes gtren, gramma per nedt ^ uunrencrus inyectloD and parUeddme 
in dotes of 1 gamtoe daily for 10 days The palitst made very go^ pfogr ei s 
ha vetgbi increased be felt stroogcr and began to take an userat m to* 
BurrouBdifigv He bewoe qvte a useftil «d in the ward in helping sith 
tw etptn g a^ deanmg Ha hafans «oe now clean. By the tune the coarse 
of trypammide bad been compteted. it was diSruh to keep him any lofigei 
hi ho^tal and be vts repatriated to Northern Rhodesia. The hsa lomhar 
punemre done ju 0 prior to lut discharge shoved tbe prtdem to be 35 mg 
per 100 C.C and the ccil-count to be 24 cdls per ex. No trypanoaontt* 
seen ta the ftind. 


SoamutT 

A case of sleeping sickness, probably Rhodesian, m which the patioK 
dercioped traoaitory signs iJ the oervoua systfin, na a facial palsy crtfflMr 
plantar rcspoaae and imQaieral opoc nruntu is described. As it vtas not 
Uutitny appreciated that these fleeting neurological pbenamena may occur in 
the disease, its recognition »rai thereby rendered mere difficult and was deiayrd. 
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•csvTVAL or rroB Oi oim nt un t o 


the eqmnlent of one infected mtaquha TTie Mme bcch of nweqojioe* wn 
ittcd throQghoot • erpenment, *0 thii dlffercttca noted fax eohrcqom 

tnjectioo* were due to the txnpcQcflng fluid ind not to difference* fax the mf« 
tioo me of the moeqxutoe*. The suspemiom were allowed to ttind for TWTiBt 
period* of time at room t emp er H ire (24 C.), and then teated for mfectmty 
by the Introduction of 0 2 ml ahquots into the jupilar van of dean 
Care wta taken to mix the tuapenaiooa well before injecdon ux order to ebrote 
the powlbflity of aettlemcnt of the aporo x oitea to the bottom of the tube 0 a 
reauh of atan^g 

The reaulti obtained m two typKal expenmcnti are abown m the table 
below 


nn ■JU T i TM- or wOMKrrrn or F it— tsi Domx^ usu M*C. 
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stnr’iTit OF ntutoxorm /v rmo 


SpormOTU* ramrcd foe errer 14 boon In equAl para of beparhuxed 
pUuEA ind nbnt st 24* C. Ulm Ricgtr't MlutloQ or tiluie in» taed u a 
cuapendmg medmm, few rptonnoitea narlnd u kmf ts ^ to I boor it lbs 
temperature. At 37° C, iurviral tlma wtre much ihocter In iQ the toe<£a 
tried. 

A nnxmre of be parUuxe d chkk pbisna «nd ulme bn been toed 0 the 
tuapeoding fluid m routine tetti in thia libaratory and regular mfcc liui a hare 
betm produced m a large nuirdter of cblcba. 
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SUPPRESSIVE AND SCHIZONTICIDAL VALUE 
PALUDRINE (100 MG ) IN VIVAX MALARIA 


A W WOODRUFF, MD.MRCP.DTM &H,* 

NnccastU^n.Ty,,e 

formerly Squadron Leader, Medical Speaalist, R AJ!' V R 
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Es of malaria virtuallf ^ “ personal access 

n spite of the shorJnesr^ f in June, 1946 , it is reported as it is thought 
led^ positive findings of value t\ere 
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lot occur fo^^everalTeet^h^"' 

leutic effect might be e\nert H (1946) has stated that maximum 

and It uas IVder^d hrerlr^lT'”"^'^.' admmistration of small 
-mentioned dosage mm).; ^ paludnne administered weeUy m the 

on than if gnen fn largfr H ^*^”7 i" eradicatmg the 

S*'cn m larger doses for a shorter period 
f t'Tsh to tliank Prof P t xt 

nandadMcc, the Director and Prof N Hamilton Fairly for their 

lish this paper Dr rwr®** of Medical Sermces, R. A F for nermi^mri 

'to publish details of th^^e«^7h o’ l^o'al Hospital. PortsiAouth, for pcr- 
les (Phannaceuticals), Ltd , for the sup^ of palXnc”"'^ 
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PAiouacre n >ttai mau^ 


^ jwftrttr 'n>c*e were mtmly ei-Fri*oo«» of wir from tiie F«r 
tut who in ereiy cate iad h»d pre?feB> atttckt of maknt, Terytaj from m 
to twenty m ntnnbcr tnd h*d lad rtlap«» Tuyirtg In number from ml to ten 
tince r eofn m^ to tht conatty 

Tit awlM aic^^ Etch palicm admitted for • mafaria] attack wat 

treated with a aingie tablet of 100 mg paludnne onfy On tbacharje the pattett 

WM giren twenty fire paJudfroe uW«a of 100 mg. each, with inatruetkaa to 
take ooe weekly It a appreciated that acme patienu oo tin* refitne may 
D« hare taken thar tablets rcgnlariy In the cam later dcacribed, herwerer 
there u erery reason to believe that the palienta who dcreloped abort and 
long-term rclap*ea, had taken the coorie of tableta comKientfoaaly 

A year after admiauem to hospital, ta 6 months after completinj the 
ctmrta of pajudime, wtoch kadf bad kated 6 moniba, a questnainaire was aeot 
to each patient Infcr mario o was especially aonght m conneetioo wah long 
and short term relapsca, the significance of which has rtctotly been dweiased 
by Smmt (lOW), and Faiaurr (1W7). 

RESULTS. 

1 Emrr or 100 Mtt Pawfdwke on Bjewon TomAx Malolu. Attax 3 X 
Dufmg the period of acute Qloen doe to a relapse the responae 

to t single dose of 100 mg paludnne was marked by ha ilowoos. In /them 
eases obsermd and so treated petaonaUy the temp qa r ure fell to and renabed 
normsl in 12 boun in only seven catca, whOe w or e then 43 hour* wu required 
m three cases, la a control aenes of coea cf B.T nulaHa in which quhata 
10 grams tcLs. was given for the first 3 daya and mepaenne in graded doses 
for aereral days, the te m pera ior e fdl to and mnimcd normal tn 12 bow* ia 
twelre out of ^een caaca oo case took more than ^ hours for the temperwore 
to become nonosL (See Table.) 

Tasu 
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Case 1 

The patient, a manne aged 24, had returned to this country m March, 1946, following 
a year tour of duty in India, Burma and China He had been on suppressive mepacnne 
while m these parts, but ceased this on the journey home, and 3 weeks after so doing, 
developed his first attack of malana This was followed by a relapse in Apnl, 1946, and 
the attack for which he came under obsenation by me developed on 14th June, 1946 



He gave a typical history of shnenng, sweatmg, headaches, aches in Innbs and anorexia, 
and on admission to hospital on 15th June, 1946, had a temperature of 100 5® F with 
B T trophozoites in the blood film He was immediately given 100 mg paludrme On 
the followmg day he was considerably better and the temperature normal, but a day later 
recommenced shivenng, sweatmg, vonuting, had a temperature of 102° F (see chart), 
and the blood film showed B T trophozoites and gametocytes No further antimalanal 
treatment was given and the next day he again felt well, but a slight recrudescence of 
his symptoms occurred on the following day with a temperature of 100° F These cleared 
up within 24 hours and his further progress was uneventful, subsequent blood films being 
negative 

Comment 

It IS apparent that though paludnne m so small a quantity as a smgle dose 
of 1(K) mg controls the attack of vivax malaria, the process may be a slow one 
The dose of 100 mg is probably sub-optimal and should be mcreased 

2 Condition of the Patients during the 6 Months Period of 
Paludrine Administration 

(a) No toxic manifestations of any sort were reported by the patients 
takmg paludnne in doses of a single 100 mg tablet weekly 

{b) While havmg this dosage two patients reported havmg possible chnical 
malarial attacks manifested by shivenng, headache and sweatmg, of sufficient 
intensity to make them stay off work for 1 or more days A third stated that 
a day before he ia;^ due to take his weekly paludrme tablet, he had on several 
occasions a chilly sensation, with malaise , these symptoms were never of 
sufficient intensity to make him stay away from work, and they disappeared after 
takmg the paludnne 

(c) One proven attack of malana was encoimtered among the patients 
dunng the 6-month penod of paludnne admmistration, the details of the case 
are as follows — 









rAUTDSDCE Df VIVAX UAIAXU 


Cas % 

Ajo itenA AfMl 24 b^I hmtotr ot dffat •tacfa of makrk ia lextk, tb* Wt. fe 
DeDii. w*» v nt» B.T trpe «nd ocsumd In AofOK, 1W5 H rrtumrt from fn«n. fa, 
1W« ULd wm ■dnlttMi to bcMpM] on IXifa Mjj 19W He cmpteMd o^oMttbc 
•tfmnof tai rwtMta^ bad mjmcrasura o( lOl F and B,T 
mere fooodio the blood. A riniu ofrfet od 100 m«. mhidtlM wm co (Im ereitkic 
of lOifa M«t aJid he ratpended ekneljr p^mk cmtouifli* nil tbe mormn* ot ibe wS 
May p«nod ef 00 boon, 'narrrefter ba made «n a rrin t e nupted mM ?rti y md 
to mQ duty mi 23rd lilay 1&48, He waa ifm 100 mf palodiino vaddy icdtr tbr 
auperrUen of hk medkal e^Ukcr and had tun dow oo die 17th Jone 1P40 twr cn 
tbaSOdtJoSM iltaiB devmtoped anaptcen* of mdark hk tanpcaBsie vm SO-7* P 
«»1 blc^ tOda tercaled vary aonty B.T rxtft, H ««t aftkx (treo 100 c«. palodm* 
arvd nat mondrn tbe mop a i t u tm had mnj-Md to ttfiroal. 

N fdnbar ettada of mak^mme iTpottcd dudfif the aubactpnt 6 nnub* hwUdi 
pmhidrirc adnikktf i t fan to tbk panrat arma csxttmuad. 


CommnJ 

The endcDce t ogge^ti that potodnno m dowa of 100 mf *fddjr b 
occttiooallf omxfBdeat (o auppraa tttu malamJ lafedkm rinte poaulile 
cfuucal axtacka hare been experienced m thxec, utd en overt attack tn om 
pa ti r pi tJiJatvg ttos doaa^ 


a. Rttct-ti or A 6 uoxTwi Fouijw vsf or PATtem arna Cuuxw 
or THE CoemsE or PAhUMca. 


Diinaf the 6 mooths foSoma^ cemooo of pnladrtne therapy one protts 
and one doobtful cUrocal mack d maJana hare been rtperted Tbe detiib 
of tbe proven c« are a« foflotra — 


flv p^a>t, an abtoaa aied 32, had baoi pnaaoer of war m Sumatra for 31 )Mn, 
dnmr mhkh toe be had had nunterooB atta^ ed raalam. H n* admined id bcaphil 
on 29lh Apnl, 1M6 mttb 48-hoci fabtofy of malana] ay nip t cafl * and tempenturt cf 
100* F AVwt film akwavd ruf focin* and tatilj a aufUj c m a i Pfmtmoimm tnax. 

Tbe Urer va* palpabk at ioapareticat. H was STMb lOn inn pahtdrlne and tbe foQomatii 
tBomkti tbi taroperatutm mma noemal, but roaa tfuai m the rremni >tnptatt» return^ 
and blood abde absjmed fttjmmtl fonni Old ammocytea of F tn Thereafter he madt 
an tmtateiT^led i«0>«7 tba eetnpetawn: tatumat* » noemJ 43 hewra after the paludaia 
iMd been fteen. DurtoB tba aobaequeof 6 montha, mhile ha maa tatmi lOO nt* pahaloo* 
_ ,^}j Hvt he had bad oaouest attacia of malsae with aDomo, ahchi 

(hnmrui and adm^ of d* lonba. H coa plet ed the coutae of pahjdm iQ October 
1W6 cod «i d» 21tf February JM7 290 daya after ha admnaaoo iB Alar 1040, ho^» 
aitini trrd to tbe Royd F “ 

1C.1 F ardaiWsabcAdfs 
from dm attaric and baa been meff m 


HoapitaL PortKDouih, with lympet um of makra. temparacun ef 
(dnsw of F efrea m dw Uood ll male at imnacrtapeed reeorny 


CMoanr 

It mould ippew from tbe endence obmoed m thta c*ae the palodnoe 
I tbe doea^ gtren carateX mnnablj be relied upon to pteient reltpaca rf 
le kxig-term variety In B T tmana 
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SUMMARY AND CONCLUSIONS 

1 In fifteen cases of benign tertian malaria treated with a single dose of 
100 mg paludnne on 1 day only, the response was slow in comparison with 
that obtamed following standard treatment for 3 days with quinine and 
followed by mepacnne This single dosage of paludnne did, however, bring 
the attack under control 

2 No tOMC manifestations were noted during the period of 6 months 
m which twenty patients were receiving 100 mg paludnne weekly During 
this penod, however, one proven short-term relapse of vivax malaria was 
encountered, and three possible clinical attacks were also reported 

3 Dunng the 6 months penod immediately followmg the 6 months of 
paludnne admimstration, one proven long-term and one possible clinical 
relapse were encountered 

These results suggest that a single dose of 100 mg paludnne is a sub- 
optimal dose in an acute attack Doses of 100 mg weekly occasionally fail to 
keep the blood sufficiently free from parasites to prevent short-term relapses 
This weekly dosage, continued for a period of 6 months, does not invariably 
prevent the occurrence of long-term relapses when the exhibition of the drug 
IS discontinued 
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tORHESPONDENCE. 


THE AETIOLOGY OF DESERT SORE 

To tkt E£tvT TuANSAcnora of tJu Royot Soaety of Troptco! «W 

Hjjwu 

SlE, 

I hire jittt rad Dr J L Laa f kiter fa the TiAKWcnoio (VoL 40, 
pigt9O0)coniroentlfigoo my ptperoo the Aettology of Dctert Soce (/Wh 313). 
He t* correct m dctcribfag me «• ad unsteur m atjtutical method*, isd ny 
piper wM written onder condftkw* whkh did doI iUow roe to obOon npert 
ttitsticil &dvtce. Heverer the method tuggested by Dr Lisa nimdy to 
employ the lUmdird error of diffetenee of roan* to chtdt the tjgmfiance of 
the obterred difference fa hading vra* u*ed btrt vn dticirded, » 

fiUDrORt) Hnx {MoJutl Stafimn, 3rd ed, pige 78) eUia thet this metbod 
it not tfatible for (miQ Ample*. The mdmfaiil dsU, vhkh Dr irooU 
here liked, were not firni m order to keep the paper within i ft**on* bb 
length, but they tre irtiUble. 

I igree w^ Dr Lna t» to «ome of tbe ficlon which may affect tbe 
hetOog of oker* 

(1) YiruloKe of orgarmcn*. The baclcnolopicil mrallgition* were » 
complete u poMibk in the condition* obtaroing, and the bacteriology of both 
teit tad controf group*, with tho exception of ooe cue of ifrukot dipbtberfa 
w»* suniUr D^ermfaitKKi of the Tinlcnce of tbe comrooeer ocginaoB, 
OapbylocDccl Mnd etreptococo, wu not earned oat, and fa the foriMt ww 
probably of no Importance. 

(2) The dufition of tho okere before treatment coauneoced wt* firm. 

Area* of ukxfi before the onset of treatment we« determined. Thoe 

remit* were not puhltdied for lack of qiact:. There wa» no njmficairt djffemw 
in thi* raped between tbe te*t and coatroi group*. 

(4) TTie nature of the treainicnt employed i* of courae, dealt with lo the 
paper 

It w» appreciated, and made dear m the paper that the endcnce put 
forward w« incondtmTe, and the mggestron* a* to the unportant factor* m 
the aetrelogy of dcaert *ore were deacribed a* tcntatirc. 

I am, ctc_ 


S. T Axxcro. 
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THE PRACTICE OF TROPICAL MEDICINE IN LONDON 

BY 

Sib PHILIP MANSON-BAHR 

The successful practice of Medicine is founded upon 
a combination of knowledge, experience and judg- 
ment But the greatest of these is judgment 

In justifying this title I shall endeavour to describe some practical expen- 
ences m consulting practice dunng a penod of more than a quarter of a century 
here in London It is based upon an analysis of some 5,600 hospital records as 
well as probably almost as many agam seen m consultation 

At the outset is must not be imagined that the practice of tropical medicine 
in this country solely concerns itself with cases of tropical disease sensu strtcio 
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Preferably it mij- be tiVen to reprewnt that ipeciaJ Uud of mcdicaj prarticr to 
be cnCDUntcred in any tropycal centre and compmr* uhac might be termed 
rather ■ miwd bag The ca^ (lt^cu«%ed are iropraJ In w fir ar tie 
nujoritv hare haHcd from tnqwcal or jubtropical corratnej and roclude tfxw 
for nho^ complainu »otne pecoHiriy tropraj Infecooo bar been conndntd 
naponaible, ihoygb In actuJ fact tlu connotarioo range* cner oearlr ibe 
nbole of medidne 

MALARIA. 

Maiaxia i mil a common ferer but only too often dlagniM* is maieTed 
obscure, or e\cn toosenme* Impoulblc because of a imjverral inclinaooo to 
ascribe any Lod of ferer to malaru the rridely accepted rwoon* reginJIng 
the pCTiuteDCc of these rarodtc*. the frequent ibacnce of any ascertamaWe 
phywcal ngm auch an fplcnoroegaly the onrenabthtT of laboratory roctbodi 
of diagnonr demng remi«i»ona, and the not uncommon habit of general prtc 
rinonen of dofiog panenn mih qomme or atebnn pnor to acdJng more 
expert adeice. 



Of one potnt I am cerum oner rmv a home-made diagDods, erpedaOr 
by nnr «bo *enses malaru in hb booc*- I do not bclieie that It h po«iWe 
on ruhyrcu e serwarioni alone to diirerentut cue Lmd f ngor from aootbcf 
A* »mII be gathered in the sequel mi taVes are most iLkcfy t be node «uh 
dbea^ of tbc gemtourinair tract. « th diseases of the bier gall-UjdJct 
longs o with tfe: qu ce oumerou blood dwranai, 

I consider that the bett and tnon reliable method of disentanplenieot 
ruch a diagoonk dilemma coo bt m taking an cairatc history with anphi«s 
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upon the onset of the ngor and its effect upon general health Sometimes it is 
true that a diagnosis has to be made upon the character of the temperature 
chart in the absence of demonstrable parasites m thin and thick films I have 
treated two such cases of subtertian malana and one of bemgn tertian from 
West Afnca where intramuscular injections of quinine brought the fever to a 
full stop In 1941, a seaman was m hospital with quartan ngors Here there 
was no splenomegaly to act as a guide Repeated blood examinations were 
negative, but again a quimne mjection effected the desired result (See Chart) 
These odd cases are probably much more frequent m this fever where quartan 
parasites are notably difficult to find 

Superadded injection may so modify the fever as to make the chart 
unrecognizable It may he atypical, or lobar pneumonia it may be syphilis 
In 1937 I treated an Austrahan planter from the New Hebrides He 
was very ill indeed with subtertian malana and no response to quinme or 
atebnn therapy was obtained until antisyphilitic measures were established 
Punched-out ulcers (so-called “ coral sores ”) on his legs were luetic and both 
Wassermann and Kahn reactions were positive 

SPLENOMEGALY 

When IS a spleen not a spleen ? It may be an enlarged left kidney, hyperne- 
phroma or hypertrophied left lobe of the hver The technique of splenic 
palpation is most important For minor degrees of splenomegaly the nght 
lateral position with the patient’s left arm extended well above the head should 
be adopted A splenic tumour usually moves freely wath respiration whilst 
those of renal ongm are more fixed 

HYPERNEPHROMA 

Probably a not infrequent source of error is hypernephroma (Grawitz’s 
tumour) which may be moveable and unassociated with renal symptoms, especi- 
ally m patients with a previous malarial history The obscure pyrexia 
(Gatlin et al , 1947) which has also been noted by others, and which frequently 
heralds the earlier mamfestations of this serious condition, does not make 
the problem any easier Of this I had an expenence in 1946 in a patient from 
Uganda in whom irregular pyrexia persisted for 3 months before the tumour 
became palpable, but by that time it had invaded the renal vein and the result 
WTs fatal In this case no clue could be obtained from unnalysis 

Pyonephrosis may roughly resemble malana In 1927 a diagnostic puzzle 
presented itself m a young man from Guatemala wbo had been inv ahded for 
malana unamenable to quimne therapy For 2 years he had wandered up 
and down Harley Street seeking relief, but finding none His chief complaint 
in addition to the ngors, was pain m the left hypochondnum where the so- 
called splenomegaly was found to consist of a much enlarged left kidney 
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The unne contained a large quantity of pui and albumin. There mu ibo 
localized pain in the nmal mangle. At opeiadon a large proMphrooc kUney 
wa rcmored and wai beJd to be congenial in origin. 

PTEumxpflama. 

One of my mow dramatic capmencca waj with a mm of 48 fnan lafia 
who arrired by air (1932) on acconiu of malaria aaaodated with renal aymptom*. 
He waj ao dlttieaaed that I feared he would die m my room. The ■Ttai»n^« 
mow acTcre (haerrwgkjbin 30 per cent rJix. 1.995JX0). He waa oeden ai o m 
had retinal haerooirhagca, enlarged and tender brer «nd apleen, polyniit, 
dymna and pyrexia. The offenatie unne cootained numbrn of Bac^ eo^ pm 
and mtl celii. He rei ponded in a rrmaricable n> blood traufiBkiu 

and made a complete recorcry on mandcEc tad He le mx ucd to India and 
retired In 1W2. The tplenomegaly mhiaLenlT attribrned to malaiia ww 
probably due to Bact coh •eptkaem^ 

pot-Ttnwnc mizAAE. 

Polycysdc dbca^c of the 1^ Ladoey mar give riae to emfuka at the 
lobnlared character of the nimour may aim late the chancterirtic «plauc 

In 1912 I au called to tdjudkaie on a medical o fiker who had for 18 
yean been In receipt of a peadoo for malaria and a pl eooo Kga ly That then 
WM a lege rumour in the bypoe b ondnem wa> undoobtedlT true, but canfol 
extminad« of the uiuie repealing a low apedfic graThy a trace of albomb 
and granolar cam. led me to cuapert that the bard, ro bher y nzmoor wci t 
polycytoc todoey He kwt bu kidner and Ku pendoo at the nme dme. 

aAJtcoaiA or the hdnet 

The moral t be drawn b that in crery cse of r u rpeaed mabria on do 
min-rnmr thcmld a rarrfnl Uocbcmical and micToacopfc ezammatkai of the 
unne be omitted but thi doe» not ahmy* aFaH Thb powihillty wa» deinco- 
etiated in a girl of 11 who preaenied bcraclf with a much enbrged and 
painful " apleen m 1930 She had mflered u a child from makna In Bomtm 
and the Infecrkm manifcated Ittelf by relapaet tlscc ber return to Engbnd. 
The bane wij rather obwnired by the etory that ihc had fallen downmiit. 
^riouily injuring her «le, wbereupoo a large maaa had rerealcd luclf lo^ 
gening w 'i'h* intrarplcnk haemonhage. The urine contained an appredabfc 
quantity of albumhi, whDw blood exammatioo rercaled a moderate accnodirT 
and a *Eght leococytowf The tumour indeed In ihape and character 
(InducBng a tcKaUcd notch) rinmlatcd an enlarged fpleen, and uroaelectan did 
rwt ihcd any further light a both kidncTf were functioning DOTmiDy Ercnm- 
ally the tplcen waj rrtnmcd and pmed to be an cnb^cd kidney (8) lb). 
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Th. was a coagemtal and cysfc tumoua wuh sarcomasou. changes and was 
classified as Wtlm’s tumour (Diagram 1 ) 


GASTRIC CARCINOMA ' 

On anatonncal grounds .r rs 

and stories o! this ,9 „as referred to me tnfh the sttg- 

had suffered severely from malana She had teen m h„gM 

i7n77rmre7e“7 etre t7t loss 



Diagram 1 

Wilm’s tumour of left kidnej 
simulatmg enlarged spleen 



Diagram 2 

Gastnc carcmoma simulating 
displaced spleen 


but the large, hard, moveable mass with a sharp edge Cmcludi^ a notch) 
jutting out at the level of the umbilicus and extendmg into the left ihac to^a 
did certainly resemble that organ, but at operation it proved to be an inoperable 
gastnc caranoma (Diagram 2) 


HYPERTROPm OF LEFT LOBE OF LrVRR 

Compensating hypertrophy of the left lobe ensues after partial destruc 
non of the right This was demonstrated m 1931 when I was called to a 
case of liver abscess which proved fatal The tumour in the left hypochondrium 
which had been thought to he splenic turned out to be compensatory hyper- 
trophy of the left hepanc lobe 

In a lady from Ceylon (1931) who had suffered from amoebic dysentery 
and had Entamoeba htstolytica cysts in the faeces, a pyramidal shaped tumour 
m the left hypochondnum, which had been mistaken for a spleen, m as proved 
to he an abscess of the left lobe of the livet 
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MONmcE. 

lotcnjc fctcrm of the hUIoiu moinoit type of fuhtcrtotn jmlui* nay 
proMdc •ocne diagmunc diTemom. When h tumi up in tha cmmtry li U 
Imblc tobe nm tikm for hQmy dtseue md rccounc may be had to the tuigcooi 
bmft. Thu dagnoru la eBCtPunged by the sabhcpaoc tcnderaaB to often 
eliated in »cutc labtcrtlan nulam. In Dasinhtr IW4 a comuitmg engmetr 
amved by au- after a 3 wccki rat nj the Gambia. Shortly after he fufimd 
fixd fcTtr tnth intnuc bepodc pain and jaundice. Biliary coTic had ocomtd 
and he wa« cud to hare paaacd a calculua As tbii tuggoted dIagixBlj aai 
njppOTted by a faulty cholecyatogntm. he aai rnahed into hoapUil for open 
Qon. But rhe tpken palpable and the blood contained la^ number* 
•ubtertian trophoredte* The xinne wai atalned green with htErubui. Tbc 
rcacnoo to treatment imtnediate. 

A aecoixd cue m 1W6 wa* dimHar He came from the Gold Caa« and be 
too had been thretrened nhh opcninoa on the larac groond but in tiu ci« 
d>e recoae rrai more plannbie aa there waa no aplenomegaly to act a* a guide. 

Malcnal cachexia may be nd^ken for Addiwn i dt*eaie on account of 
the asthenia, pigmentaaon and knr blood pi e sv tir la ]9*0 a yotmg nun 
airired at SotrthiiapTaD In thb cnndlaoo frm Dahomey and found husvV 
m horpftal libeOed “Addiaao di<ea« and oa rorrerte oransent I ccnld 
find Bttle oeuae for thu a hia apletn «a enlai^eri and tVim itete mbtemaa 
ptrtntei in the blood alch profound blood changn. 

atm» msTAaita. 

It a not ampnnn g that adtolorrlc jauudicc ihcaild be at frnt regarded a* 
malaria, cspeoaHy -ahen the patient ha* resided for a lotvg period in an endeoac 
area. Th^ ha c been ihiw of ihcae, f which rao were example' of the 
acqtnied type (Loerrr and Motuao^ IW^, T»o acre m aomen The 6nt 
aa a lady of 5" aho. oo acroont of enlarged H cr and jpleen with anaanla- 
bad been finaDr diagmned and tieaccd a' malana and 'ent to Engiand for 
a complete cure. Here the ayml rome manifesred inelf m Irregular pyitda. 
anaemia, achlorirrdna, rerinal haenK»TThage\ a Itxid haemlc 'yrtollc m rm r 
hepato- ami ^Icnom^aly The aeniro contained 2 75 ran den Bergh bdlrect 
anitt. There waa mcrea u td ceB fragility a compaianre Vucc^smia {41M0V 
bur qtdte outrtandlog wa the high pciairdng renailocyro^ (7rt per cent) 
At operatko the 'pleen weighed 8 Ih- After an creenent recovery ibe lenrmed 
to Ir»dla and i rtill m good health. 

7T>e tetrad similar ca'e war In a woman of 35 from Kenya t'ho had 
al'o bwn tcot borne for treatroem of roalana. The correct dlagoo't' «*' 
furgetfed be a blrtorr of chokmtectomT 8 yesir* carficr and pigmemed gall- 
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In 1932 it ww my duty to oommc ux htP »ho 23 yean pr«Iou4y 
h*d undergone in mtcniivc counc of intnnuaculir qoinnie tojeoxn* 
in India, For mooth* he had mfferrd from periodic njor* ihii had bHer 
fered wnh hh acctitict m the Heu^ In berth buttod. there were ibnooii 
Hied fibrom noduk*. One had broken down and formed an ab*cc» nhidi 
waj ciotcd. later m the mme year a «eand hmance ocomed in i lady bo 
had recared mnllar quinine treatment 22 yean prenotnly m Malaya. litre 
a granuloma had formed at the ntc of mjeenm roembhng a nreoma, tod 
CO aecotm the tumcor wa* found nill to cndoic cmial of quinine 

CCT’ftAOaatTAl. ’<EUaAIjOIA. 

The conaciendou tropica] coofultaor haj to attempt to focui ha witdifd 
eye on ercry poitma of the body and naral dniae* cotwdtttte no creepum. 
StrpraorbitaJ nrttnlgM ij not a faqae nt Kqoel of maliru of both trrtkn and 
mhtcrtian typo. When, boaerer caaea wirh fenmal auiudoa find their way ro 
d>c ctmialting room they ahoold be recognirtd and treated accordingly Aj 
b weO known the birenae pain of froDcal ainuaiTls omoDr ennea after break 
fart In the monung^ and peobn riH the earlT afternoon the docWilc 
rfiTthm copr dt utea an nnportant point m dbgnon^ Thi fetrure wa borne 
opoo me when I aa* conmlted bv a patient (19^4) abo had par amred fmra 
the Cayman lilandt (Wear Indieak He had hen <u*petird of malarU eo 
accotznt of periodic attacks of pnetia and mpTaorhrta] pain I could find no 
«tgns of malaria and then rero em bered that is thh pamculir ^ttnp of hlanh 
malam does not ^4. On mmUhimhiadon the left frontal anta «a< opaque, 
wiuln i m pectioo of the nares rerealcd oedeto a . rtdoesa of the mtemwil septmo 
and a purulent erodate io the middle mama 

BUACKWATER FEVTR 

As a rule when biattmter occurs in tha coontTT ir dor' dot gi c n't to 
any dligncanc difficuluev Thoti^ London mar dot be comtdered an ideal 
locality In ahlch to ctardna tutra on thi paradouctl qQe<ttoei. naerthdew 
menty-fire ci'c' ha e been m onpaied during the period under xtriew bat 
the Dumberr hare deciea'ed «UKe the loirodocTinn of atebnn. Fuftr hall 
hare been wen In what mar be lerroed the prc-blackwatcr »tape It mint 
not be Imagined that blackw ter anring in Elngland b mild in charaaa foe 
u can be ciceptioDjIlT serefe and rapidlT fatal f frankly admh that thb 
hacnvolT'i Tnaty a.«st«a« withom ane wtmfaiy ncretthclr" it b a cllnkaJ 
cooTeniCTKe t have some vard-meV t recognlie the danger mne I am 
gtnded br the cachectic appearance of the panenr the cnlaigrment tod tend er 
new of the spleen the 'beirr-coloitr of the urine and br the prewoce 

aTburaln- The Imporfancr of tbew «pnpow mar he erophanTcd br the foflo- 

hig erpcncrice — 
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OiiL morning m March 19'i3 two Colonnl olhcial'- rcccntlv arrncd from 
ihc Gold Coact ptxccntcd tlicniccUcc for examination Both exhibited the 
clinical phenomena outlined ahnre and both had ccnntj Mihtcrtian tropho/oiiec 
in the peripheral hlootl I adriced immediate hocpital treatment One. a police 
olficer, who had ju^t been decorated for merilorioiis conduct refuced all accist- 
ance ac he wac intent on watching a foot hall match m Ucrnnport He wac 
confident that he could treat Iiimcelf with a teacpoonfitl of quinine I wac 
•'truck with hie peculiar grevich \cllow complexion and hie rather rambling 
•-jieccli It wac a cold da\ with a biting caci wind lie caw hie last game 
hlackwater cuperecned at II pm that night and be wac dead 34 hours after 
during which penorl he passed onI\ 4 o7 of urine \i auio|isy he had acute 
necrosis of the brer Tlie other officer in hospital made an uneventful rcco\er\ 
on atcbrin That hlackwater ma\ ensue after a single infection with siihtcrtian 
prasite-s under natural conditions was demonstrated m 1927 when I was called 
to a singnlarU acute ca-c in I'leet Hants The victim was a keen fisherman who 
was lured from home waters to fish for tarpon m the Carihhcnn Seas He had 
landed for one night m Tnnidad and returned ro Pngland in Jaiiuarv' of that 
year Dimng Ma) .and June whilst trout fishing on the River Test in 
Hampshire he suffered from periodic attacks of feverwhich were not recognircd 
as malana In August (7 months after hts reiuni) he had a rigor and took 
quinine immcdiatelv hlackwater developed and proved fatal Tn August, 
1922 the wife of a Colonial Office official arrived from Nigeri i apparently in 
good health Blackwatcr fever developed whilst she was attending a theatre 
and vvas so severe that she had universal haemorrhages with melaena She 
died 9 hours after the onset and it was found that she had taken a large dose 
of quinine the previous night for a severe headache 

Effects of Quwuic Tlicsc and the following experiences left little doubt 
m inv mind that in this acute haemolysis quinine constitutes a precipitating 
factor This was illustrated rather tragical!) in a lady missionary from the 
Congo (November 1920) who had previously suffered from mild attacks of 
fever On admission to hospital she presented the a]ipcarance,s of an acute sub 
tertian infcciion of the bilious remittent type with numerous parasites in the 
blood On the one hand she herself realized that she was in danger of dying 
from malana on the other she was cquallv^ convinced that she would succumb 
to blackwatcr if she was dosed with quinine She was right ' After an injcc 
Uon of 4 grains of quinine intramuscularly she died within 14 hours of 
hlackwater 

most sensational experience vvas m Tchruarv, 1924 vvith an emjdoycc 
of Brothers, who at the end of 3 months’ leav'c m England was found 

to ave suhtertian malana Blackwatcr developed after he had been m bed 
or 10 days on quinine therapy He had four separate haemolyscs and the 
aemoglohinuna persisted for 14 days When the anaemia was very severe 
(haemoglobin 10 per cent , erythrocytes 800,000) he jumped out of bed hurled 
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the nuTK downmm, locked himtdf in and diui. t*.el c botda cf bee 
The mad c»cap»de appcirntlj nred hi< life I He was found dmnL and nncoo- 
aaoua on the floor and after thli cpnode ilowiy l etorc i c d - 

5imui«/ ng CtsJnc Ukcr The cpagmarric pain and TomJtmg whidi precede 
a Wackwitcr attack may be mistaken for gawric ulcer 

Here b the ca« of a lady from Nigeria who, in March, 1925 ww sent to 
England to cooiolt a gaitnc rpcoallst for perustent rocnldnr During a 
bamnn meal she had a rigor and developed bUckwarer after lafang 10 grrita 
of qmnine. Thr case was remarkable alao because of a pyriform nrelfing 
which hectme risible m the epiganrium and which probably tepi cs m tc d a 
distended gad bladder During her aidail {hnea* amoebic dyacotciy and 
aentt tmoebac bepatitu made thot appearance frtJm aD she made a good 
rccorery 

KALAAZAR. 

Kab arar 1 not by any means frequent in Eunjpean paoent and tbereforc 
la advent to the conmlnng room \ not usnaDv anncipaicd. The difficulty vs 
to uttpect or rect^tuit it at fltrt ^ght. As a role the ffppeufisnrc of the ptisni 
gives a differoit impression from that of chronic malaria. There Is a abiie 
pallor rtther than a nihlcteric noge The eye ba a different look— rwt quire 
the ahiniog penetrating ga« f the malarial cacherdc- The edge of the rplero 
impam i ha^ aod Lnobbtr sen^non. and the <p)enk dunned oteods tbo-e 
the cottti margin There may also be some oedema of ibe legs 

TtrBCTCtxoau awruauNc iu.a-'ljol 
The combination of hepatomegaly and splenomegtly may conjure np the 
vision of kala-azar in paoents from a possible eDdemi area as m the fdlcra 
Ing In December 19i3 I was coosulted bv an engineer rrho had D ed In 
the Middle East arvd South Rirma (AzerbajjanV He had suffered frtmi an 
iniennlrtcni feser with splervomegaW and anaemia for which no tdeqaaw 
cause could be found, A there «ere certain blood changes — a Icococytoris of 
lOXOO with huh monoaucleasia (78 per cent k a chttmic trpe of hmphWieiiana 
WH uspeoed At the outbreak of wa in 1939 he fled from France to Engbod 
and 2 years later became eiy ill with high feser Along « th foo otber 
coosultants I saw him m August. 1942, after a bp^ of 9 vean from the dare 
of the first xam nat on. It « then b hjus that he w dying of geoersHTcd 
ruhcrculoris fo I found a fisnib In ano exuding pu which was teeming ishh 
TB. whilst the faeces were also foil of ihi organism Here the splenofnegaly 
and the blood picture were most prohaWr al«o due to n bercuV^n 

LTMrnsD^XCUA. 

Any retiruloris with splenoniegalT such 3 lymphadenoma. may ihniihrc 
kala-axai At lean right such ca«es ha e been referred from thl *«pea W r« 
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•iiinnv !n\ nucr Wi m i\ u' iiii ' itli liv p-nKi’liioun mi 

!)h '-nti f iH I r\nni\i)c(' iii J'>U m i \mm <* 011.01 !U ilidct! Imtn thi 
I T*-! In shi' in^i iiiu <j «iu nnn'cr irv <ii i^ii*<'ti< tln.if- ("n*- h <<1 Ik-ui i ui cd 
h\ (nc up Him! li* ti.vriA nf / hn 'n*\fiwJ iV'! in ihr *’!<(< Htr ••pliin'iiu 
'.’t'- tilt-' 11 !rfr h\ jH nirplui'iin 

, , « M t )\<)M \ 

llic (nturi'i* m i\ iUi> ti ijijMi uni i 5 r lini ti* i >>i ) il 1 i/ir i I'fun 
m* 111 lit ^ <<'n!ur\ hniui^nilv im • <W f<i iidinuii liijimnu 
I VTioilird { r'lUmnr in < \ j'tiirmitn' ■! ') nh‘> Imt 'ct cd in 
\nrii \fnn \'(ct It i'’th\ 'Ki-piidi iiicn 11, (hr Nt d! ni*!' lu Ind Ivrn 
<lnjiiti It! 1,1 • citIi, tii i Tttiitt'tiii <' u uiii u ui frrird <1 ''**11 !i linti'inii i<> 
h'- 111 ,!u Mnn* \ <{ hn ulunc'- "i lir 1 n ili.'ii* in n i'- h *.< 151(1 dl iiniinii 
Ti(’ '^hoi.lv 11*. iDtii) nni 1 I Ini' iit'l rni'Uiii inh •■nollrii niih ndic 
1 iintnTion \ n c'tunu 'tic ‘nii'-nn • rir t iml Uin.' Mr unr rrdiircd 10 

"•sM jirr ( inni Dd^ini li «t li'-tti rl'tdid hv tind tnmdiiu .ii>iin:h 'hi 

'I nun ^lohnliii u n. 1 r^'ilut Hic Ittci irnl plr'ii <* riipird llu nluilt 
ihdnimn nnd In i i*. Tfilmlc nnirnntn \ <■ d r p’cird S'llh nntdnii injri 
ii'int htiinc ind in tlV't 1 t. \ i*. 1 1 cii niinid' n-- hinml tniuhi H'H v iiIk'Iii 
itn ippu' nlilc UMi! I \rtitnill\ lu jci<> rtc<! niih in n tn.'!)' in|r<in»n>. of 
'iilx ”!iirtiii lU i!i<<ui.lt ifirr ilir niiiih ni tlTiinnn dlrriu uTitidii imrlN 
pMud fin! 

WIDl UI \NIS 

ni(tii}.h Tinothn <U t.inr(\ s*- nnc ol ihr toininoiu '•s tmiipl nim for nhnh 
pitiinu nppl\ In tlu iKipml din'iilnni ilin vinirinrni d(H'. nm intph ilnr 
u I' 1 )\ iiu nit 111 0 nrmd il t<. is pipulitli snppo di nniin^ tlic |)diod 

under uiicn tlute ntre oicr <i 0 > i ivr m liu old lln pn d fi'l 1 lopir d Duni-c* 
nnriir in\ nrc ind dm tigmr miUidid <tnl\ ihi>'c nlmh liid Incn pii''iti\i!\ 
dnpnoud In dcinniuiniinn ..f 1 . ..1 n resu \s die result of 

tins eMeiunt c\fKritnct of ho pml ctcs u uj H is tu uii’-pedfn.d nnmhtr 
seen in dinsult iiion I fnl dm it would he idnni tpioiis in fonnnlTtc sonu 
peinnliATiions Hus is reniUrid jiiou cksirdilr In n inimh r of nmtidionn 
me inrnnie elTiisiom ninth ln\e clouded die issue 

(1) llierc exists 1 f.r)(Ki dcil of wishful dnnkiiip whiili unds to iin^nify 
I le niimhers of poientnl aiiuKhu nses Xinoehnsis forms t (ointment 
( ntnosis sitisfiis die pitient ,ind dierehire lends lo Iv ipplied lo nlinost 
Tin nil of intesiim) dninrlniue for it slumld hi unumhered tint there 
Tre main other TfferiKins of dll I irpc inttstuie which ire in oniii’uiied hv much 
die sniiK phtnomim 

(2) There sul| eMs,c ^ wnliful wiIIiiikikss to .isndie piihot-eiiir nroiieriies 
to m) species of unoehi found in the fnetes 



2S0 


THi pmvuimcx OF ironcAL jaDramc 


(3) Acute abdomuMl pain, opeoaUj m the cpigawrinm ox faypodioo- 
dnum, and extreme mcteomm ire not ftarera o( mieatmal tmocbottL 

(4) Acute onact, febrifc attacka and lomidng are not chareaerini: di 
amoc^ djacnttiy wtueb b lauaUr apTinia] On the wbofc amocUc dyreiutTy 
tettda to be a dutok dlaitae. 

(5) Sc\cre anaemia of the penuooua type b not an accompaniinaa of 
amoebK dymtery 

Aa compared wuh bacillary dyaent r ry ttneamoi ta Infrequent. wbOtt 
kna of vdgbt b not a marked feamre 

(7) The preaeott. of E htttoivttcfl cy«t m die facets doe* not alwyt com- 
pletely •ccouflt for the nhole elmtf«t picture aa b amply demooatrated hi thk 
paper Nor are they the cauae of the anucty nc nreti to ccaumotily roet arhL 
Of the amoeba It may well bc'aaad — 
n tetk bun bm 
W ■eekbkn tbm. 

W aert hkn «reT7wtan 
tv ovr fiad hbn n faearan, 

W may find fahn hi facD, 

Where yoo csnitBd kfan. ym neiarcan tcH. 

Thar da no ed atoa^ phsperact. 


DTCcra OFOOC OaLTR 

Amoebtaab of the boael may peraiat focr many yeara wlthooc caudag a 
rerv noacuble difturhamx. 

A reared Tndbn a$dal (set dO) aoujihi adnee for a auppoacd rectal 
OLranoma. In 1910 be had autfered from amoehlc dymicry and aobaeqacntly 
from liTtr abaccav After opetadon there mta oo reairrence of bueatlod 
amocbiaaia tfll 1941 — a btent period of 31 yeara 1 He waa then inffmng fnan 
diarriKica tcnemiiia- Amoehic nkemoon of the rectnin waa rcreaW by 

procto«jpy and E. hut h)tv:s cjv* were num c ro ua In the faecea In 1939 a 
clergyman of 0 yeara waa referred alao a a pc^dble cardncxna of the rectum 
on account of recta] pam, diarriioea and dyaentme atoob. It transpired that be 
had Heed (1903 to 1923) In India and Iraq and lofEcred from dyaentery there 
more than once. H had been In England 16 yean, nic aame findingi were 
present aa in the preraous care and he also made a good lecoreiT A third 
example was a Danidi joomalbt (1931) who contracted amoebiad h North 
Borneo In 190" whlht on hb hoocTtnooo Thl y.a hi aoic cs»tact with the 
t iup tq From that time onward for "'4 yeara be had suffered from duomc 
dkirhori and bacraorrbeads. There wa^ ptw* thickening of the coioo ’dth 
EL fpsloi^tiea cym In the &ece< He made an excellent renncir and when 
I last beard of him In 1939 1^ was Buffering from coostipatkm which waa haOed 
a a great and we kom c relief 
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TTM cvjdeot that he had lo*t a great dej of tNaght, A fungntiog idton- 
caroDCsma of the rectum wai nrealed by ligmoHloacopy jim beyood r»di 
of the emnining finger 

Double fujthology On the otber hand recta] caranoma and amoebbv 
may coeiiit I hate aeen three of thcae. f learned my fim lewi in 1922 b a 
patient of 50 who rettrmed to England from Calcutta with amoebic dymucry 
after 3’’ yean rewdcoce. When £, huioylK* m the aenre nage and it* cyrtt 
were demonmated in the fatten amoebic ukrrailon wai recognlird by 
«gmoidcr*copy Unfominardy a dignal examinanoa wni omhted and a umU 
malignant ulcer of the anal margin tbciebv nu^acd. It ihoaW be tmpba»lzri 
that. In addition to dgitKadowropr or po c to acopr a digital examusuko of 
the rectum a eaaenoaL 
Trom Lymphogranuloma 

Lympbogranuloma of the rcc nm i or the ano-gcnital syndrome hti al» to 
be cotaHered. In 19+1 I wai called Lo cumuhatioa to a woman m Staws 
laid to be luffcnng from amoebic dv^enlrr? trhh rectal itricmre reputed to 
be the remit of preriou rriKlena: m South A/nca and Malta. Thi wa found 
to be am adrvK^ caac f lymphogranuloma wnh multiple fistube of bcttock 
and pennaeum and enlarged fibrota logtnnal gland The Fro reactxai wt^ 
ponate. She died later of mtevuul obetntetion Tha ma undoubtedly ta 
iadi g eaoQ i mfecnoa conoaned m Englaod. 

Hepatk AjwcBtAatJ Aaaooa) a.t> Aiiocaic Hlpatttu. 

Amoebi bepaoc atxesi may be rery easy to diagoo^ or it may be the 
rrrcTie, for there it a type of caac. and I hare met them where etery ancillary 
Md faih and the reiult ha to be a^^eaaed by the umatMactorr meihcd of tnal 
and error 


Dimai?rn.\TioN moxi c*acr\oNt.\ a.t 3 awcEctoTTria. 

Carcmoma may uraulate hepatic ab'ceav at the deposition of aectmdary 
growth! i» often accompanied by pyrcvla, ngon and night rwcau. Soroetune*. 
too, the demoratranon of E iiulolyltoa cjtti in the faecea may di ert the 
diagmnoaan Then there 1 the dj&erentunon of acute cholccysiiu frwn 
amoclxc hcpaofMs in both of which hepati rendemess mav be localised oier 
the gall bladder area In cute cholecymti tenderness i confined to the cater 
margin of the right rectus muaclr Murphy* sign i efirited and when referred 
pain Ij prerent, it Ii directed to the angle f the nght jcapula. The iaer at a 
■aho! n t enlarged Unially ngor* re present aod are accocnpatucd hr 
acccnnintcd nse* of temperarure m place of the docblUe loterrairtent feter 
of hepatic abscess The fcucocTion i higher the dirret ran den Bngh 
reaction 1 raired ami there may be deep ja odicc 
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Jaundice 

In liver abscess, on the other hand, jaundtce with bihrubmuna is rare 
unless secondary infection mth Bact coh, Salmonella entenhdis, haemolytic 
staphylococa or streptococci has occurred, or if there is direct pressure on the 
gall bladder, a most unusual event Thus a difficult situation anses when the 
abscess is situated on the mfenor surface of the luer in close proximity to the 
gall bladder 

I put forward this axiom a high remittent fe\er nith a temperature about 
103° F mth severe anaemia, gross enlargement of the liver and rapid nasting 
should always suggest a malignant growth ascending pylephlebitis or some 
other metastatic mfecdon, such as actmomycosis rather than Iner abscess 
Some of these difficulties may be appreciated by the brief recital of illusrra- 
tne cases 

(1) Abscess of the quadrate lobe 

A pattern from Southern Rhodesia (aet 58) 1925 operation for an acute 

appendix abscess Subsequently repeated attacks of amoebic hepatitis 
E htstolyUca cysts found m faeces In 1934 I treated him for chronic 
amoebiasis with EBI and quinoxyl The liver was enlarged but otherwise 
there was no evidence of amoebiasis In 1935 he was flowm back to London 
w'lth the diagnosis of cholecystitis (cholecystogram and locahzed pain) Opera- 
tion by Sir James Walton, w'ho, suspecting the latter found instead a large 
abscess in the quadrate lobe Dunng convalescence, in spue of emetine 
injection therapy, amoebic dysenterv' intervened On this occasion for some 
unknow n reason it responded to treatment and he has remained w ell e\ er since 

(2) Carcinoma may be engrafted on to a liver abscess 

(a) In 1936 an Indian seaman was admitted for loss of weight and hepatic 
pain He was known to have amoebic dysentery and had recently been operated 
on for an abscess in the right lobe of the liver Moreover, E histolytica cysts 
were present in the faeces Leucocytes numbered 18 000 and polymorphs 
78 per cent The fever was high and hectic At operation numerous carcino- 
matous deposits were found in the liver apparently ansing from the gall 
bladder bed 

Ih] \n ex officer (61) who had suffered from amoebic dysenter)' in 
Gallipoli in 1915 and who subsequently had amoebic hepatitis was admitted 
(1931) with a histor)^ of recurrence of symptoms of 3 weeks’ duration 
E histolytica cysts had been reported in the faeces (Probablv’ this was an 
error for Endohmax nana and I butschlit cysts were actually present) Bile 
was present in the nnne A large palpable mass in the nght lobe of the liver 
proved at operation to be a carcinoma of the columnar cell tape 
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( 3 ) HjperncfiifomM 

Grwrutt I rmoar of the n^t lucfocy may produce a acrmc»hat 
clmkal pirtmt In 591+ a nd c*tc occtnred m a lady muritmary from Irriii 
*bo wij admlned aj hanng a liter abteta* on accotmt of E. hmcljnc* cyio 
m the faecei. Symptoma had been prenat for 2 montht, Smpkjoo waa arooted 
by the pretence of red blood corpoacka, leunxyre* and albumin in the urio; 
+t operaoon an errarmota byperoephroma »nu rctealed and tfih p rored fatiL 

( 4 ) pSfuJ h*emof>hibt hapfOcm 

Ptcudohaemophiha bcpanca (\\ Hmt and Bamtrs 19J7i). a terr i»rt Sst- 
eate (due ro ladt df blood ^hnnogen). octuriTd In a nurae of 18 from ^Ingapotc. 
Her complaint wai pundke day-coloured aroolt and hydrooephro«» (R). d 
congenital ongm. E cym were found In the faecet. Her Ercr w»< 

eDOTTnoiuly enlarged with a knobbly surface. Btoptr showed marked 
perfhepanri fod of rotmd-ceD mCItndoQ and early pen portal fihrod* 

(5) Cdlctfketton of the Abtceis 

On KTcnl occadotti calofied bepadc alxrttc*. ginng rite to do tymptomt. 
hare been rerealed by nsdx>grwphy to one a pecslcmcr the calcified absew 
trw known to hare pemattd for 20 yean. The abdomlnaJ pam of which he 
cotsplamed wo fooetd to be doe to a duodenal ulcer In another a wmon d 
71, a large ewlnfled abacra wu ducomed 56 yean after the original arrack of 
amoebic dynterr durmg which tune £. hinofytiea eptt had penUred hi the 
faecn. During the whole of this penod she bad raided in England 

( 6 ) GifJIe pain be mistaitn for hepelK pain 

(a) A woman of 15 who wat bom In GfbfaJtar and who had suffered 
ftocn dixonlc dytemery at the age of + caarplained of ri^t girdle pain and 
spasmodic ccnrracuoo of the diaphragm with diarrhoea and anaemia. X-ny* 
irtealed an oral-shaped calafied absccs* nmated 1 inch from the sptoe between 
the 1 Iih and I2tb rib* at die lerel of 12th dorsal Tcrtebri (sreie w opfc method) 
It was aspuated by one' mrgeoo who ccnacTrd 35 cx. of ptn. FientuaHy 
was operated on when a cy« remored from the under surface of the Iner and 
adhcTTOt to the daphiagm ptored to be a calafied «uprartnal syu. (Pfjre 
Fig I) 

(7) Pofimor root pom may hr mt Uken for hepatic paw 

(a) A Cokronl official fnan Maunnos [met 25) was sent home as be bad 
suffer^ frosp amoebic dyaoitcry and had cotnplaloed of cotmant right brer 
ctwtal pain. E fustolyttca cym had been found m the f a cer s . I was faiipreued 
hy hu posture for be was bent fonraid with nibcwial harKWHe pab. On 
cxammmg his bod the rpmes of the 7th and Bth dorsal senebrac were pfotnb- 
ent and tender X-rayi rescaled the cot r e ct diagncaii as cabrrrolo«is of 
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vertebrae ^ bad con X-tays oi the spm Vs 

In the Middle^ ^cc^sions ^ ^^cnt T^ete were bcn 

'S:i:?£»a“=="'^ 

nodes and nsisted itt the 

Tropical practice con 

'ceUl, acc.p«^ JeSrfa l„, 

mav have to be giso from gecond ^tom 7 hand, 

eJpx, Maha, GtW ^ndan ^ I ^"L 

f one douhthd case n ^ ^ue iroin r ^^ho w i disease 

trs«n . r”“'“ -::S “« «adj=d 

, have <a'”«d to U'PW «h "f lo teappeat after 

sent in an official P eery m a^at P gnnie may a contracted 

?«Vimade aneaceltot«c^^,_^ ^ate ^.f my ^“'’“utly severe 

nosihons ot great ^ ^wr acute mfe entirely alter • - I treated m 

recovery from some ^^^ther recovere Army Although 

cholera m Persia ^ worst cas case from Italy 

attach of Ptienmonia O ^ 7"^^ ^^ee of sprue 1 ^ 3 ^ ,,ho was 

1930 He recovered an tn an eit-so^%"\^"e disease, having 

I,e v.as temhly * ^^"’g^tprise ^his 'V ^^anced stage of the ,. 

(Maples) v?as rather I an diagnosis h ^ 

fonSd vtandcring m the s n„,„„r, 

te, 10 lb m »='eS' 
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neuTom tnd for 5 monttu in 1945 he had been iijbjecred ro p*jxholojkal 
trcatmait. PmJoai to dm be had been treated for amoebic dramtery The 
coiTca diajnoaa waj patent. He waa admined to boapttal and wnhln 2 mcotbi 
had made an cicdlcnt reonery and eventually regained Im nonnal weight. 

ontta anaTAXZM nuosioaiia. 

The mam cgna of tpnie the gloands. the lews of tasc and nnell whkh 
ngnaliae lO onaet may lead the piactidoaer astray 

Antrtl Disease 

In 1940 I wa* tujnmooed lo a London hoapital to examine a patient of 
55 who had found hli way to the EJ4T department at a case of antral 
rincatc, No imp r ov em ent foUoacd the cunomary wathing dot of the Hntuct, 
but he toon developed a aore tongue and neaiorrhoea to due the dltgiKid} 
of tproe became obvicaa. Recmcry followed routine treatment doling ahkh 
he gained 14 lb In aa^t In at many day*. Wben ictn agim year* later 
he had recovered, I thmV the rnktaltc In rhit caw wat doe to the fan dar 
after leaving India he had resided 5 veaj* in England before tymptorai 
dcvelc^jed. 

Choiecysiws 

SprtK may be mutakeo for cholecyvora a* hr the foUerwing iottacKe In 
1941 I was galled to a hospital In Esat to ccamuK a woman o( 59 abo had 
formerly lived in Bombay but who bad been In Eogiand for 16 years. Her 
illoeH had been a myrTery Sbe bad lost 64 Ib in wegbt and had almcm the 
appearance of a iheletoa. The dgnlficiiKe of the tore raogne bad been ml w r.d . 
A eholcc ywo g i am toggetted c b ole c yt il d* and thi*. tether with dwpepsla ird 
the large pultacecrat rtooU, had •uggetted the dcdrablHiy of cbolej-Titettcany 
and the wmi actually then being prepared for operation. A lingular fearorc, in 
addinoo to the famlltr dgot of tproe. wat alopeoa. She made ■ noodcrfal 
recovery on tbe generally accepirf Bver treatment and wben lau leen a 
Atrgmt 1942, pr e se nted a healthy appearance. mUnmd and Inrtom, She ww 
ARP warden of her dittiict A platuraUe featnre wai the legiimth of the 
hair 

VaigTian/ Disease 

Tia: tprue lyndrtanc mav he tfanolated by diacate of tbe atc kvnbi il 
lymphadca. Tbe firvt rnttance of thu anomaly wat teen In a young woman 
of 26 from Slam, who bad been treated lot tpme and at autopsy was tcrasl to 
have lymphosarcoma of the metentenc gUndt. 

A Kcond cate wi In a man of 49 from Manila m 1929 who preteoted tbe 
ciawKal fcirmr* of tbe diteate. He made a good re co rer y and returned to the 
phUlppinet. Nine vrart later he ww readmitted to hospital with a tcrere 
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idTiDcmg gnnalomjitouj ukcration had pemstcd In the right grohx This 
w» nkl to h*\c ocOTTTed after an Injury to the right knee nhjch had rwuhed 
In an Inguinal abaca*. Contraction of the nght thigh hid envard The bIcct 
extended from the anterior niperior apinc and Poopart* Ugamcnt to 3 in. 
down tbc thigh mto Scarpa i triangle Supcrfidally it aomeahat rrwmbled an 
ukcTitlng granuloma, but In the pu* exuding from tbc rirfacc rubende badtli 
were demoortrated, A iklagram of the thorax lerealcd an early mbercuk ua 
kalon at the apex of the right lung, arhilat that of the ipinc gate the cor t cCT 
dUgnoah as paoas abaca* from an eioBoo of the body of the Jth hnnhar 
lertcbra. 

Tan«CAL Ulccu (Ulcus twpicvm). 

Theac are not frequent in Euro p e an s under peace condlrioo^ but when 
they Ho occur In healthy men It b Impossible to associate them with any 
deficiency In 1933 I was consuUnl a member of the Upper House sriio had 
contracted a deep tropical nicer on the maEcohis of the left inVle durmg a 
MedlterraDcan anise. His chief complaint, apart frtjm the pam, was hh 
hubnity to pnH on his hunting boot The nicer was deep and measmed 2^ in. 
In (Utmerer It healed rapidly with lodofottn poader and elaitoplast st r app in g 
The tecood case had a tnixh more aericraa ontetme A districi cfficer from the 
Benue Protince of Nigeria came In Augost. 1934 Four menth* p r es t ously 
a trepiol nicer had formed on his right leg foAowlng a slight tntrma. He 
was emadared and erhausreri by cooilnocnB ferer m the ulcer had eats 
through the mtnda and perio st eum, laying parr of the tibia bare. Erery kind 
of tr eatment proring Ineffealre. hW leg had to be amputated. 

DeastsL La8mu.*«ujas. 

Many nlceradom are apt lo he mistaken for derma] Wshmaniawi. P erh ap s 
one of the rtKwt notesrorrhy was a Colonial ofBoal from Northern Nlgtna with 
multiple rodent uken In the face and neck (1937). The characteristic punched 
out appearance was typical and all dcaied op with radium therapy (Plate 
Fig 2, ftong p. 284 ) 

Sypfa7ittc ukerstuyn of the nasal acpnnn and naia may dosely rescrabie 
oricnul acre In 1944 a medical officer srho had wred in North and West 
Africa was Kit to me for dlagrrosli. The hirtorT suggested Idshraanlajl* as 
a acque] to sandfly bites. Scren mooihs a f t e rw ard an ulcer «ith a glmiiwu* 
scab hMl appeared. The ^tsserroann and Kahn mctlcns were poshire and 
the ulcer healed with annsrphU*'*-' tmenj,.*-^ 
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THi ntAcna or iittincAi. Mxprccct 


foUowmg ov a latent period of o\« 30 yean may cUpnc before the fcik*a 
become obviou*. 

In Decernber 1W2, a ^torkmao waa lefcrred to roc by a medical officer of 
health. He naj an old aoWter who had aened b India in 1899 and In South 
Africa for 6 yean tQl 1905. In 1936 It waa noticed that be had a florid 
•cborrhoea of the face which did not topood to trearooem "nd at the tame 
tunc nodolar kuom appeared on the tyefida and forehead, Qohe notewonhy 
waj the loM of the eyebrowi and eyelaahea and there were nodolar feriow in 
both ear*. Add-fait bsolh were deinonttntcd in acbaceouj excretion 
from the dov and A/vcoAwcrmwnt leprae In a hiopay fccnoo of the lirm of the 
cbeeL 

HEUMINTHIC INmmONS. 

In European padenu bookworm Infectioru arc oiualfy ayroptooikat and 
requrre concentration method* of the faeces for dcmcaiitiarioo of the ora. 
TlW with seiere anaemU are rare. One was referred to roe 5 years after the 
Armiirice la 1918 a* pemldoos anaenua and here r* the record of one where 
the infectwn had permted trar^ before pnag rW to recognizable tymptoro* 
A Udy (19341. keenlY lofereced to omliholo^ ar«d eotoroology had spent 
acroe month m 191 tn the low eounttr of Crrlcc paddling through paldy 
field She had consulted sereral phvriaan for mnptotn of Icrw fern lJt*d- 
Rxle and dy*pepna without resolt. Su ptdoc wt* routed br an codnophSu cf 
I’ per cent and Bimwroo* ancrlortome e^ were fotmd In the faeoes, 

cxoNoaatLrsta. 

Three lOfeciKn* with Cl rtor h $ rmmn are ircotded, two of which were 
rrmptorole*' but there wa one in a promment Chinese pohtlctan (19361 the 
p i cwcntarfon of wher^ a'c citr^ a diagno^ beaxlachc He had a lengthy 
hi«torf of ci>olecT«iri with fner pa n and finaDr jaondke. He war found 
to be infected with thtr flute and so were the im of hb family It war rap- 
ge*ted that It might be the catw of a rrawbenr bladder with wane caW- 
ficaooo and j^gracoted stene^ as rrieakd hr the ehofecT^togram. In tdditwo he 
wa a co n firined diabetic atMl operanoo wa' refused posnt-blank. E>cnnaIlT 
he became the Jipancwe puppet at Nanking *o that in retaining hh gall 
bladder he knt ht« head 


BfUtAIlZltStS. 

infeettor whh B/?haf*ia man om arc rocxlT mbdimcal but thi r* the 
story of a ptknt (193S1 •ent hoin frmn Kenra u Cairo where the egg* 
thU patarite had been found m the faenr» The I rer wa enlarged and dw 
bepanc pain wa referred to the wing of the right wapub I wa muck wim 
the gTeTi*b purmentatk® of the face the ubkten ringe of the tclerae and 
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the female distnbuuon of the pubic hairs The unne reduced Fehhng and the 
fasting blood sugar stood at the level of 190 mg per 100 c c The mam com- 
plaint which accounted for the hepatomegaly was haemochromatosis whilst 
the hilharzia consntuted a purely comadental infection 

Filariasis 

Anv case n ith lymphanc obstrucaon is pnmanly considered to be due to 
Wiichererta bancrofti I^e great majority are not Thus a lymphatic cyst of the 
left axilla m a tea planter from Nyasaland (1936) was excised and found to be a 
cystic hygroma (Plate Fig 3) Aspiration had yielded a miUcy chylous flmd 
containing fat globules, but no microfilariae Agents other than W bancrofh 
may cause lymphatic obstruction The exact replica of a filarial elephantiasis 
scroti Mas seen (1920) m a market gardener from Berkshire Here the probable 
cause Mas chronic patches of psonasis of both buttocks which had been treated 
daily with chrysarobm for 20 years 

Elephantiasis nostras exacdy resembling m its course and manifestations 
filarial disease was seen m a Norwegian of 23 (1935) This mvolved the right 
leg and scrotum and M’as preceded by attacks of lymphangitis, the exact replica 
of filanal fever He returned to his native land a happier man after operation 

Epidemic Lymphangitis 

An example of “ epidemic lymphangius ” due to a haemolync strepto- 
coccus presented itself m 1936 m an offiaal from Antigua, Leeward Islands 
This resulted from an mjury to the httle toe of his nght foot There was 
elephantiasis of the nght leg Apparently at that time similar cases had been 
observed on the island m a small epidemic. All filarial tests were negative In 
the following year an almost parallel case was investigated in an Army officer 
(aet 32) from Palestine In this instance there M'as no history of injury, but 
the recurrent attacks of erysipelas and lymphangitis were most severe For the 
next 8 yetrs he Mas under observation till the introduction of sulphapyndme 
Mhich controlled the attacks 

M \closclerosis 

In 1937 a SM'cdish naval captam (act 57) Mas admitted as a possible case 
of filanasis He had been sailmg m tropical M'aters for 22 years and gradually 
symmetneal solid oedema of both forearms, stemomastoid region and scrotum 
had dc\ eloped m assoaation with a mild hypochromic anaemia On X-ray 
examination dense sclerosis of the bones became apparent, especially in the 
pcKis and spinal column The possibility of osteoplastic carcinomatosis uas 
considered hut eicntiially the designation “ mvelosclerosis with lencocrythro- 
blastic anaemia” (Wiirma and Britton, 1937b) Mas held to be more correct 
(I’latt Fig 4 facing p 284) 
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tBE nAcncE or ntoncAX. Ku»czn 


CMtsboT SwtUoigi 

Infcaiona »iib Lot km jut nuinljr dmiagidihtd bv Cabbar »ucllmjj bm 
there »rc other allcipc nunifntaboo* oot mennooed m tcitbock*. Urtkaua 
is one cf these, bat I have invntlj^aicd three nampks of a most immuij 
lichcncid enjpoon oq chest ftod tact tcfotnpaaied by a high eosmophilc 
Icucocytooi. Biopcia of the sLm have failed to dcmccmiate embryo* ot 
O cotnlus. Agam 1 hate records of aDergic aoellcngs with PipeuhftemM 
pcnUins bat u is of course impontble to nile out a prctable double infeciko 
with L. km. 

The fate of the Ltm km parasiic In the body has alvap been a matter 
of Interest to me. For a number of year* I hare tad a lady frocn West Afnca 
(Gaboon) tmder obsemaotL She «u found mfected trith embryo* of L. ha 
in 19iW and suffered scrc f cly from Calabar swelSngs whkh penitted for 3 yean. 
In 1945 she presented herteU mth ouroctous small painfal cystic swcitingi 
oTCT the body forearms, palms of the b«r>di and fingers. The Calatar tmeQbtgs 
had craved and the tmcrodlanae had vanished. On Inanoc of tbe laelllDgi 
checsT necrotic material was cipiu ac d cnDUining calofied remalrw of aduh 
L. hd. There the r e f o re appears to be tome erldence that the death of the 
adult L. fo# u asaocuted In toote my wttb the gemab of Calabar rreHisgt. 
This can be caheo as yet another rtample of Pa/asire* lost and Pan*i(e( 
rejamed. 


n E COMPUCATIOKS. 

(1) Ert CnupucATuivs c> Mai^uua axn fiucawiTta Peru. 
ILUAUAL KEULUOmA. 


In October J944 a dmna officer frtan Northern Nigeru armed with 
haniaocpla of the right eye. He had suSered from tubterdan malaru. bat 
the Hlirvi nm had supervened when in bospJtal sufienng from rheomadc 
symptoms and in tbe tbreocc of any evidence of malaria he reamed no 
specific treatment at ftat riine- 1 found him to be btanly infected wiib 
P falcipmrurK. 0|dithalinQ*copy rereafcd the upper third of the di*c as whhe 
and arrophK, and the atrophy had Inrohed tbe paptUcMiUruia bundle The 
liwm was doe to blockage of the •upenor b^ch of the central army 
Ahhoo^ the tnalaria Infcrfoo cleared up rapidly with arebnn and quuuoe 
the alotodinal bemlanopia became permanrut 


acanTAunn riAxuoaaiuct. 

A large subhyaloU maciiUr hataiHirrhagc causing hCndnov of the fight 
eye wa seen In the wife of a dlsmct officer from Nonbero Nlgeiti l o 19^ 
Thu on after a miU axxaA of bbekwater fever Tiro year* afterwat* 
the wa* under my care again, ih time with a second severe blackwater 
bert rnthoor lucUly any further rticnvion of th haemorrhage 
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I could not hare coodoctcd each « precnce aa q^gauf-eaennSe Qoei for 
all thcee yean had It Dot bem for the comao t. krpl and faithful amstance 
o£ Mr W J MpcoLtrow r j w t_ t who haa been with me for io kng 

Finally I would cxpim the hope that acme of the lc*»oo» here recorded 
and whkh we hare learned togcdicr may be of (canc nae to our nxuaiwi 
hi the diScolt dayi which be ah^. 
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A RICKETTSIAL DISEASE IN EAST AFRICA TRANS- 
MITTED BY TICKS {RHIPICEPHALUS SIMUS AND 
HAEMAPHYSALIS LEACHI) 

BY 

' G W A DICK, Lt -Col , R A M C 

{Speaalut m Pathology), 

AND 

E A LEWIS,* 

Vetenmry Entomologist {Kenya Colonv) 


The purpose of this paper is to describe a rickettsial disease occurring in 
East Africa and adjacent terntones, with special reference to its epidemiology 
among Army personnel, the causative parasite the vectors and the morbid 
histolog)' 

In 1920 Giles (1920) desenbed a senes of cases of a tj'phus-bke disease m Kenya 
This disease was not a new one, it had been known since 1914, and “ for want of a better 
name ” had been called " spotted fever ” (Andhbson, 1925) The history in nearly all 


* We wish to express our thanks to Dr G L Timms, Medical Research Laboratory', 
Nairobi, for his invaluable assistance throughout this investigation, not only in theexarrunation 
of many slides and the preparation of the histological matenal, but m many other ways , 
to Major E J Lowbury, R A M C , for his co-operation and for his report on the Weil- 
Felix reaction and leucocyte counts , to Major A Reeves, R A M C , for his assistance 
m the field , and to Fit -Lieut Beck, D P M O , R A F , East Africa, for his co-operation , 
and to many others, espenally Dr J H S Gear, of the South African Institute of Medical 
Research, and Major van Rooyen, R A M C We are indebted to Lieut W J Shields, 
D D E W (E W 2) and Sergt E J Mornement, A F P U , who undertook the photo- 
graphic work, and to B M Dick, who prepared the maps and graphs 

We acknowledge with thanks the assistance and encouragement of Brigadier E R 
Cullinan, who suggested that this mvestigation be done, and the interest of Bngadier 
R P Cormack, D M S , East African Command with whose permission this report 
IS published 
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Ticx rmirs ur eatt AmcA 


w drtcnboj <Qaxi, 1935 Cuuxn I«2() Ud refertni* to m «du«r {tadW w) 
fcrrr adnira Khd tn«nil»r «• 

Goa (1935) tosccncd thst txi lal^t be th* rector *M cmidmd that the djwm 
” Kltwti® jotted fntr Afl cwe» rrporttd to 1931 brf occurred 

m the Iriitknii* of Kcnr*, ktr-hoch tw th« fint cue w«* upc rtc d £rwn ■> tht 

tre^rfc*! Comal wo«- Jrrcj. «ad Ocwaucc (1930), ki ^e^icw of the dr«mc m Keay*. 
wer* of th* <»*i«so tfaa^ rrew* -wM ptobilr nac. Thk qwiiai wa nrpe^ br 
Jc»ni. end kMorm (19S2) sad Kitrrm naSl) wweaed ti*t rodemi mifn, at a a 
merrjir The waaOlity te taAa npon* W ti» di*** la diSiadr to manat*, fc-r m^h 
A ttnci aow (1025) reported th* ** cedj fatal caae to far brown in the coionr Tnmx «r»4 
OxNUCK (1930) (Oted (hit altfano^ iha cm n x ic taa ity waa at fint tboo^t to be nfl. 
the7 weta of the opbkn that U waa about 10 par cent. TTwy ffwYrft^ ih ftatemcot, 
bowaw bx aarkiE tha their £fctre max b* altered later 

Tbe flrn demontramo of AKJwttiia Mrijauil with Inman diacaae b East ^Enca 
waa made in 1933 by To'tnxa 002) II fat^aettd tumeapi(i fciy Ttnout routei with an 
ttaohiiQn of ** the nclacd mtal kakai from ow of tropfcal typha*. lo errufa 
of tha t njecttd faa able to ** acnnal fea c dotj * and to carry oat 

paaaac« czperitDmta. He atated that the rlc^ tnji M whkh be iukl dertMOMmed am 
aimilaf to tha pacturc* miblhbed by Mooao (193^ and aho by AvroaTEDt (1930). Tba 
rectorapdi u a f i u i of ow ^aeaae ame, bmaerer unWiwn. Fiinfacf ftpc f anertn (Rcanq 
ni TortKCtO, 1933) rngiraaimd fUmfietpittio aawyidafio aa the recttii' tzvd Roaorn 
(1339) deatribad a ** typical m t /ai iiM caac and m addrun w o b ued ftraaj cf fb rbrftpa 
Lranfleaa end rata. 

Eiriy in tbe Efcrt AfricM mihtEiy opcrationi of Uofid War II a mBd 
eypb»ia4Ike diteiie ns obrerveti ains»j aoopa. Thta* out* wm fea at fim 
at^ did not proeot a mtUcarj p iu t k m Thb quid c^pbiu-bie diaeaae v«a 
di&rait from tib oeexfonai caac <rf Itnae-bcroe tjpbos ei>ceaiimTd anHog 
tJoopi Ib AbTvlfiia. Spondk caaea iten ic pona i azumf; Hi^L Forcra !o 
treu ^ Keofa Colosry (be StnalUaada. Abfaamu. Enrma and the 
Angloigyptua Soito {Fig I). It waa not. bemeeer mdl IW4 dm c»*a 
of tbe (Cacaie were irported Id brge oumbm in epadetnic form la the 
Mombua cosral area. 

After comulooctu oq (be ukmity of (be ducaae the potcble eee t ort od 
(be appropnatc meMurci of cootioj. we acre appoented br Brigaier 
E. R. rjTT 1 tv «v then Conauldng Phyiician. Eaat Africa OHmruiwl to owdnet 
btreadgatioDs dbected to tbe ^udw of ibeae pffoUetna. 

TVe have dwrefore atiadied d*e dlatiibudoa and Raaona) uaddmee of the 
t.% tbown in tbe ArniT and Air Force record^ and by oor peratani 
eiperitttce We hare oberradon* oo bzLs u veettav and hate eianiined 
ride hifetted heuaer boa, and regetatioo in arcu Irequeotcd br peraoeK *bo 

bare become Ittfeacd. We hare recorered tbe caiaatiee nden lal praricc and 

hare r c p r udo ccd tbe cEaeav In gtrineapiga bj boculanoo of blood from 
patieoo. and with emnlnoni of maceiar^ odea Our restdri although iciT 
mcoenpletc. indictee that the dbeaac belong! to the Roctr Mountain spotted 
fctCT group. Stodici m cioaMromanltT Dwue culrorta and ranual 
mlMkmj br ocl. feeding arc ikjw bnog earned our Rerulti of tbewr ciperi- 
raenta wUl be jabmlttcd later Thl* prcbauiurr •ctrmnt of our ot* h 
therefore in the narure of an interim report. 
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The clinical features of this disease m mihtary personnel have been 
descnbed by Walsh (1945), and m civilian cases occurnng m East Afnca by 
Giles (1920) Clearkin (1921), Roberts (1935 and 1939), Loewenthal (193(^ 
and Shellev (1943) From our study of the literature and from our discussions 
ivith distnct medical officers, we beheve that thei disease which we were deal- 
ing with m H M Forces and prisoners of war is the same as, or similar to. 



Fig 1 


tliat which occurs sporadically throughout East Afnca * and adjacent 
lemtones 

In the cases occurnng among Army, RAF and prisoners of war per- 
sonnel, a primary lesion or ulcer that developed mto a charactenstic eschar 
was found m no less than 81 per cent of panents (Boivles, 1945) Lympha- 
denitis usually localized to the area drammg the site of the eschar, local pain 

* East Africa is used to include Kenya, Tanganyika and Uganda 
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and pyresi* (»ce Ch*n were commao l ym ^J t oaa . Some ca#e^ pieicnted • 
JT tccn l c f mh of Torying iatcmity end dutribaaoo, •ometune* extending to 
the *oIc« end pilnu. He»d*che snd mslidoe ce hiTarisWy rtconJed. The 
c Cww , in our experience, b mBd and b ahe^s follcmed bv complete rccoiery 
In loxae Inxtaocei, die etdur b not found but we cin mid do rahd rciMo 
for aeperatbg the dbeue mto a type with initud Icdoo and tnotber «ubout 
ooe. Not can we yet ece any reason for tutMUridtog the exva to Indodc a 
lertre form of the disease with pnnimanic and myocardial iniolrcmenr* ind 
ipicnic ealargement, and a m3^ fonn- These bner lynipTocm are, in oor 
crploion. sequelae asoodited with conidtatjcoil dcfccti and age. They arc 
comphciaoot not directly concerned with the manlfestatiooi of the 
tickecoul dbease per te Mach more (nveadgatlooil work U reqoireti bov 
crer before aitenipdng to explain the chnlcaj Tajiotuca hlibmo recorded. 



Leat w p TO AL (1936) r e p o r te d sereral case* of a cyphuo-HIe discaie among 
the rural popolation of Tew in Uganda He was of the opinion that the dbcaie 
in Afctcani foUont the oame ccuroc oj In Europeom. AJthwigh ■ cry careful 
oeardi wa* mode for caws amcog Africans, ooly ooe ««« ass found in a 
nathc soldwr The lyroptocDitolo^ and coiine cj the diseaw in thi African 
was in oh eownoab rimibr to that In Eoropcans, No cases haie been fcwul 
among Anon troops. The dbease. with rare excepnow, u therefore apparently 
canftned to Earopeans. 

EPIDEMIOLOGY 

When the dlwasc was first notified In the Army mcdtcil officers acquainted 
Hlth ock-bite ferer of Sooth Africa (GcaK, 193B) idamficd the disease as mefa. 
Others, influenced by expeiwnai or rejwm of tktbomc typhus tn Kenya 
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(Roberts, 1939), recorded the disease as “ ack typhus,” whereas many preferred 
not to commit themselves to an opinion nor to add to the existmg confusion 
of names, and used merely general descriptive and convenient terms, such 
as “ typhus-like syndrome,” or “ typhus syndrome " Probably more cases 
occurred than were noafied, for m reviewmg records m the Anny Medical 
' Archives, there are reports of cases with a history of an eschar, adenms and 
a macular rash which were in all respects similar to cases diagnosed under 
one or more of the above terms Army records show that this disease is widely 
distributed over East Africa (Fig 1) It has been reported from the Nairobi, 
Mombasa, Naivasha, Gilgil, Kijabe, Nyen, NanyuL and Eldoret areas m 
Kenya , from Mega, Addis Ababa, Babile and other unspecified areas m 
Abyssmia , from Mendera m Bnush Somaliland, and from unspecified 
areas m Entrea and the Anglo-Egyptian Sudan Civihan cases have also been 
observed m other parts of Kenya, particularly in the Nakuru area (Charters, 
1945) At least two cases have been reported from Uganda (Loewenthal, 1936), 
and some in rural districts of Tanganyika (Shelley, 1943) 

The disease is not an urban one, nor is it restricted to townships (which 
It IS necessary to explain may be eqmvalent to a hamlet, village or small town, 
with a considerable rural area, and containmg numerous plots of undeveloped 
scrub) Certain of the imhtary camps where sporadic cases of the disease 
occurred were situated ivithm townships, but more usually outside on unoccu- 
pied land where the vegetation consisted of tall rank grass, scrub or trees, 
with a varymg amount of shrubby undergrowth Often Ae camps were many 
miles from townships 


f Tick typhus 

Monthly distribuflon ot coses ot i Tick bite fever 

1 Typhus syndrome 

British troops abne in Eost Africa Command 
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Fig 9 
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were nottfied m areas other than the Port Reitz district, it does not mean 
that these soldiers were infected on Mombasa Island or forts, for it was 
possible that most of these cases acquired their infection in the Port 
Reitz area 

Fig 10b IS a graph shoiving tlie number of R AJF sick at Port Reitz who 
were classified as " pyrexia of unknown ongin ” (P U O ), “ clinical malaria ” 
and “ mguinal adeluns ” This graph runs nearly parallel to that of the entire 
epidemic and we believe that this is suggestive that many of these cases ivere 
probably mild forms of the rickettsial disease, similar to the forme fruste 
described m South African tick bite fever (Pijper and Dau, 1935 , Gear, 1938) 
The disease was probably more widely dissemmated in the Port Reitz area 
than the actual notified cases would mdicate, and it is possible that many 
subclmical and mild cases occurred 

Anderson (1925) had already called attention to the fact that m Khnya 
“ pseudo- or para-typhus ’’ appeared regularly every year at or about the time 
of the rains, but had shown no tendency towards assuming an epidemic form 
Tonking (1932) obsen'ed that cases of “ tropical typhus ” were associated wnth 
the growth of long grass at the times of the rains It can be seen (Fig 2, p 299) 
that there is little variation in the number of cases from year to year among 
Bntish troops, but that each year there are two maximum periods of incidence 
of the disease These maximum penods of madence correspond to the rainy 
seasons Table II This relationship is more clearly seen (Fig 9) m the Port 


Table II 

NUMBER OF CASES AMONG BRITISH TROOPS ALONE ON MOMBASA ISLAND COMPARED WITH RAINFALL* 


Months 

1940 

HH 

■ 


— 


1946 

Rain- 

fall 

Cases 

Rain- 

fall 

Cases 

Rain- 

fall 

Case* 

Rain- 

faU 

Cases 

Rain- 

fall 

Cases 

Rain- 

fall 

Cases 

Jan - 
Mar 

5 



1 

0 

0 

6 

1 

3 

0 

1 

0 

2 

2 

Apr - 
June 

1 

9 

30 

No re- 
cord 
avail- 
able 

23 

6 

14 

2 

26 

1 

29 

1 

July- 

Sept 

9 

tt 

12 

■ 

6 

n 

6 

0 

6 

2 

6 

B 

Oct - 
Dec 

8 

2 

9 

■ 

9 

3 

■ 

2 

16 

3 

9 

3 


• Rainfall recorded to the nearest inch (from RA.F Station, Port Reitz) 
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■nc* TYTHTO Df EAJT AnCA 


IWtT epldatuc, where there b • very (UAilced panlkQtm berwm i the jtrer 
age moDtiJy rainfall and the oomber of cue* ocenrring per rmmrh No 
r el atlo n ihlp between the Indfimee of the cfiacaac and Tariatkmj tn tempeo- 
ture waj found. 


PREVENTIVE MEASURES. 

WhDe ae acre ruPiraRy anxiom to uudjr the KnaOed epidemic at Port 
Rotr with the lean powible dhiui lance of local cooditioDi, it wa* otwkni 
that an attempt at ctntrol aaa Immediately nccctaaiy We r w TewnwwiM _ 

(1) that ah penonnei be enmmed for Ucc. Oeat. rmtea and 
and that all thar kita be dldofeaed ■nd dbmfested 

(2) that all boo and officca be carefully tearched for pemibk rte t on 
and that the b\iu be dnudccted and disnftated 

(3) that rati be errermlnatcd (ai far a* poarible) in and rcnnd the 
camp! and any ecTopxradtea found on them be p iea cr vTd for eTjmbtamn. 

(4) that dogi be d iip owd of or J eaP u yed after bring de-deked, etc. 
We alio recommepded that the grata and any buih within the camp 

p e riax aen iha to be cot «hon and b^r and tnalntamed as diort as prac 
dcable. 

Addlnotul p t ev e u dn meaautea wen taken with the p riacp e n of war 
whose mcwozMiUj were maieted. AD long grax wu put rm of boonda to 
them and exer riA ig oacride the camp was re nn et ed to 2) mJVs of mam 
road Wal ktngsBn drcM of aladta, boocs and loog nocklngs was made 
compnlsary 

Theae pmendre ineanrtes were pot into action in De c ember 1944 The 
caaes among pzisooen of war rapddly dec r e as ed. In Tdardi the remiaiani on 
merrements <rf priaooeis of war were Dftod but the entring and burning of 
gms wai rigidly maintained at their camp.+ 

Oor recommcDdadanj were faowem more dDSenh to cany out at the 
TLAJ amp. The made&ce of cases among R.AJ penonad in creas ed daring 
tix rams at die end of 1944 and widi the >pring ar>d a u t tmtn rams io 1945 
(Fig. 9 d p 303). During this penod the ttreogth of ibc prisoner of war 
i-rmp vas about 100 greater than that of the R AJ" amp It may be argued 
that the marked fall ht caaei at the pnio oeT of war camp dating aod after 
the ipnng rams was doc to the dertlopmart of unmumty among the pruooen 
of war la our mmds, bowerer the drScrence in the two cartes (Fig 9c 
and d) is related to the propomoo of prerenttre measures earned out, parwo- 
larfr to the amount of burning and mtimg of grass at each camp 

Rcomted St tbs ILAJ' Pen Tten. 

tT^ wort WM esnied ool end« «aptT\t*ioc ««i duet oo c of \tijor A. Rmtl, 
JLAJ. 1 .C 
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JUS no; TVPBC* » EAST ATMCA 

to hitci ol other tnhropods our ECtcDtian ccncentmcd on ticks ts pc»«QJc 
\ cctor* of the di*ca«e. \\ e rrere encouisged In thh by the iroik of Roerm ind 
rtrenNo (19J3) m Kcnvu of Prirni ind Ct\* sod othtn In South Afnat, tod 
of other cxpcncnctd ob'ertcti tn Emj Africs ind cbcwhere. Forthrr wt 
tc!t thst thCTt tus » funilsriiy tet%etn the di^tc jtnd the uck-bite fner 
of South Afrtes. None f the panenti knj y fk» were rare, tnd oor 
eariy espcriment in the Uborstory did nor ludkate that Ikt fteat, or mbei 
aerr %CCTon. 

Further more early experiments usmg Egvpoan geibO {CrrMus gerhSas) 
by Major Lon-amr whtdi air said (Cctjjxan 1944) to slww 100 per 
cmf rnorfality when Infected with blood from mlte^jomc typho caio, bad 
all prated nejarrtc 

A large nrierv of ndc wa coDected by our coflcague^ and by us. The 
species included A pKtph iusnmm R stfngvt/ier s R.pulchethu R.»ppenJtcv- 
iMtus Amblyomm* cafv^/»mi A gemiM A leptJvm and H^tyntphn^b 
lettcl I The great maj rirv of these fkk were adolt A fair number panlat- 
Urfy thotc off dogs and cattle were nymphs Lartie were extremely me at 
the time of the Tuney The most common spetwi n a R. amtts It H perhap* 
the mo*t abuodaoc and widely dmribvted sj^ea m the rcsKtal beh of Kenya. 
Thi riA wo nghtlr le>ii Qumernu oo dog' than R ttngu neus biB on 
gT*«i ajid on artle R, ami $ predominated TT» other pede' wetr rriau efy 
tofrequent In the hot of thewe camps only tl^eB^y^hI^e adult ucki were 
collected These coemted of 6fteen R rmmj fire R sawgtnrtew and three 
R ptilchelliJs In the cunp area R tanui wa< agaro the roon nunwrous. 
R aangnmra wrt o« common either withlo the camp perimeten or m the 
scrub outside. 

It IS trmweermr to eohrge on the numberr and rietaUed dl^trlhudoo of 
these neks "nic poraii of Intcrrsi in coonectson with the prr'ent subject may 
he symmarlrcd a — 

(1) R svnii aduln showed a ma krd piedilml n ftn tall gra" ornhanp- 
log pth (Fig 11). hot wa rotnmoo evervwbete 

(2) R S4 igu nru wa found chteflr on dogs prior to the Imdtution of 
mea urCT of controL Seieril penmem were afterwarrl coriecTed off gra v 
bur they were fewer than the R amit$ 

(3) No infestation of hut or officer miUr t that n some hoov:' where 
dog^ are kept wa 'cen 

(4) Lanol and nvmphal uck were rare when compared w th adults nd 
Do duiter* f Unae were found. 

(5) // iesc/ era present I ut not Common 

(6) No tick from i*i oi rai nens were rtm cd 
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^^’eir phase of develoZ' “’to species a ^ 

P 3]0 ■^^tican spcaes—Crr/, i ”‘^^ 7 ’nto guineanio- “acerated 

we were ah/. . ^ ^ f^j. n,a. ' ^tansmission exn. ^ ^ 

■>)' ■"«c„tat‘:;btT / ''■'--n t"'™ “"■< -cuta„T™“'’ "'“■"s 

3 ^ from human ^ses T^ 'tfentical wuh tharn°!?^'^'’ 
^o positive r. 7 ^ ° °“t of nine e^ °“t of fonr. Produced 

" °'''-"™'' "'rngZ'"': .T„r'"'' 

'"^Fnione,, ” " "'"''"‘o' 

™«»«d ,„fc„.d „,t,, 


93 J , liLl^ f/t 

f Pypica/ ■=^— 

^ '"m '"‘ ’ccfottijj 90'nea-p/g . 

S5i~“s5r^^7^ — 

;?*~i7-r-~i;:;5=7.t££S=r,; 

« »e.ere ",„c,ok'^„'""> ^e ,bdoma,f‘' " f«l^ng ”° ''"''""■g «'a, 
tunica was prnc i ' P^^^nted a <=/. ^ ^''tty Th. , testes conlw 

ta™orX °°*'’'™PI>™oi"adh“'' P’™«' '»ye™r“' 

tty guineanmc „ areas hJ„ r nesions Occaci ^ some 

.^^--ated -cn^ t' ^tind m r,"^ ^““’ca 

'"P'™Pl.m„,,„,*y '"fect,o„ The IP'"*"' ""d 'h.s VaV"'""' '»« 

'^= 4.ur7;ra°"h-““^>' 
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TtCK T\TKU« rt «AST ATUCA 


colorndotu Ain of foal occnm* were found from ume to nmc In b«h 
H'or ir>d fplecn The momllty among njfccted inimaJ k>w «Ithoujti b 
»aj ImponJbJe to aocw /r aorunicefr on icrount of cnJtJntib of dyKniery 
traottg our a nim i l i. Tbc gidnetjAgt did not ihow mr gmt km lo idfht. 
The febriic reacnem m goineaplp mo of »botrt the umc duradoo » in 
humam, (Compare ClarU 1 and 11 pp 298 and 309) 

Wc cintHK lium to h»\e iecured uifn^on m gumeapig' iMlhntrt diffieolry 
Our Em 29 ciperimenu. In yihkh maerrated trek were injected mto 123 
gulneapig* and 1+ South Afnon gtitiQ* i»CTt mdrrij negad e. little ptirpo«c 
would he »ervcd by dctaHmg (hm oeganre espcmnenti Suffice » to 'ai 
that an experimratt «Uh fed and onf^ lame, uympb^ and tduh ticki of 
R fmkheuus (fire expenmenta), /t, sppentikvUlas (three erperimeno) tad 
Amblyomma tertej^tium (two eiperitneoa). A goume (one rvfenmeni), 
A kpuium (one aepemoent), and R e*pcnns (one experiment) haic bccii 
entirely negaui e. Te« with R, aangumnu (vrtn experimnit ) do not m ocr 
limited arudtei warrant. « yet. a definite pnmounceroent Uc hate toerteded 
m producing pyrtacu m gulocapfgi with macerated R unf^tmv (Chart III) 
btrt obtained no acrDtal cEaedan and «e hare failed to demon trnie ikAett<ue 
and to carry oerr p»*<agc eipenmenu oaing thl* tick for moculatttax. 

Our experirooia of feeding tdeui adult ucka {R omus H leach aod 
R tangmnfvs) oo infected animal In order to tert the mfectlbUity of progenr 
are p iog re id og 



INFECTION OF GUINEAPICS WTTH BLOOD FROM PATIENTS. 
Our early experiroenu In which w« injected blood into guincaf»g» and 
gtrbU^ taLcc from ptienc* ai the height of pyroria were on uccvmful nerpe 




Fig 12 Guincapig, sho\Mng typical scrotal reaction (shinj appearance of 

scrotal skin) 
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c. ‘ ‘ Tof 

. The lack or ^^ocuUung wo ,ed 

or one ^,c Hot VJc etnp^ V succcssfvd ^ 

''“'( Wood -.«» '"' ■^'’', *c bcd«dc ">* failed 

dot and erttated 0 S"' \,r Inter e^po^ ^ and cat J 

lamed b, m rA 

Of tieab blood g.uo=''l'%„„„pr teased „ 

to produce rc. (.a^peruucuu^ macerated K c.mdarly , ^vas less 

successful P"^'"SO ^ms uud ^ ^,„ch^ a 

lodftombt-^“,„ toacented H “^ttTteatd.a ''■«!„ 

’ than those ortgiual ^ -Mo su £or mo ^sttes 

‘'' rTatl kr„: It ■-’ilarx* sS 


''”” ’" „me other .ban oeeanoM' "J";; 

Xtstug auv r '^^'"noevtes (^'S and siuooth 

'"’"’Tk '“'S' rll' >'.. '■'"■^Ittnae »b.* '« 

ate found Ch JU ^ 4 ) In contained n parasites 

a, also mfeeted ,es els e o t^ey 

,[ ,be ro'd;” ° ameat P«P^ ,„osel7 ,5 ,n a PfP“ pj Iso»E« 

lutnerous th* tiventy. morphology disposal hy rpp^e 

“d “"'d b.t of to '“btndlv po; CoU Ibl, of 

never „^,tnct(shome tyP ^orator^ -nonluTS .? tpustrated h^ 

i-' ,?e Medmal „„ .ba._ o ,]lo * 


^ -hundant nor or ^^dlv P^" ‘^^.a Colony v; ° ably or 

ICS* 

;r P""^fmorr closely The P^^^^^h ’^’^'"^’ys'^ted by 

esually less of tbe _g the organ leacnon- pbey were 

Cll” knlnlS an^s 1 7 »P^“^e tnotpholoW 

to 0171” esent, "eea»rS<,baallat 7 Pf of cell tn'*' R.oVe.ts.ae 

ks:vkront H •1-“^”'"““ 

,t ,be ttebettna^ „,g ''"'hr, «te .nfeO'd “ 

■’“'"'"Intetoosandmotec „ „„tad ?»*» 


ot the ^‘^^'=«;'tx^enments infected m 

ceUi Some ot tn tty ^ovj cei 

U, eellnlat fragments »b,„,, ,,^„„ated 

thrombi, consisting 
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Fate of 
gumeapig 


Chief postmortem 
findmgs 


Rrckettsja 
present m 
smears from 
tunica 


Nothmg abnormal 
noted up to 31 
dap 



Sacrificed on Sth 
day 

Nothmg abnormal 
found 

None found 

Sacrificed on 10th 
j day 

Slight congestion 
ot both layers of 
tunica vagmahs 

None found 


Passage experiments 


Bram, spleen, testes and adnexa of M 12 were 
ground up with 16 c c of normal salme 1 c-c. 
of this emulsion was mjected mto M.13, M 14 
and M 16 M 13 had a temperature of 101° on 
4th day , on 6th day showed a scrotal reaction 
It was^ sacrificed on 10th day Slight congestion 
of both layers of tunica were present, and scanty 
Rickettsia were demonstrated M 14 had slight 
inflammation of right side of scrotum and a 
temperature of 101° on 7th and 8th days No 
Rickettsia were found and no further passage 
carried out M 16 showed no reaction 


No abnormality 
noted up to 21 
dap 

Sacrificed on 0th 
da> 


Congestion of both | 
layers of tunica 
Sn ellmg and con- 
gestion of testes 
and scrotum 
Haemorrhages in 
polar fat Peri- 
splenitis present 


Sn ellmg subsided j 
after Sth dn\ | 
Died on 23rd da\ 
of discntciy 


Testes and adnexa of 96 were emulsified m saline 
and two successful passage experiments were 
carried out, two out of three pigs m each case 
reactmg as described m the text and showmg 
pyrexia 


SncrificLil on Bth j \cn slight con- 
'll' gestion of tunica 

. \aginalis and 
oedema of scro- 
1 turn some pen- 
splrnitis 

Sacrificed on l.th \cn flight con- Scants 
ds' j gestion of tunica 

1 \apinalis with 
‘ oedema ot scro- 
! turn 


The testes and adnexa of I A and 2A were emulsi- 
fied in 20 saline and 6 c,c of the emulsion 
I injected mto pig 14A. This pig showed a 
I UTucal reaction and was sacrificed on the Sth 
daj Rickettsia svere found and subsequcntlj 
SIX successful passage experiments were carried 
out 
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•nCK TYTHO* Dl EAST AJEICA 


An occuioial polymorph ma tcea In the will* of the tmiUcr tenula tol 
•rttnok*. In tome blood tcndi tlw mindc celh of the media were iwoIfeB 
The tunica itielf themed nrellmg of tl« tCTOatil edh with tome hyiEi* 
degeneratiofL Capillary h a emo iih agea were pittent below both the ibcenl 
and parietal layer* of the tunica TaguuJit. The polar fat iI»o themed haoDOT 
ihagca In the •ertre l eactDn. 

The Urtt and tp ken were congcated and there wai *oc^ erektbciUl pry 
Hferatiotu We do not, howeiia ace trae thnanbot formation In dete oijam, 
although m acme catet the ftnaller aeaaelt were plugged with potymorphi. 
Vaarular changes dmilar to tboae ohaerred In the blood rowl * of the lettet 
and tcTOtal ibn were aeen In the bcait rascls of one gomcaplg 

We were unaUe to find Taacular change* or focal ncc io au In accoonj 
from the bniot of Infeered anhntb 

We hare not yet found the causal organism ra (mean of blood or in 
tmean and aeetlczni of cachan retDored from padnita. Wc hare made aescit 
umocoestfnl attempCt to produce Infection In gidneap g» by Injection of ctnnl- 
nocs of eachan in taline and hare, therefore, been unable re repeat the txpeti- 
menti of Tertruro (1932) and Roanrri (1939). 

PRIMARY LESION OR ESCHAR. 

Tbe moat freqoeot dre of the eadiar which we a twimc to be the pdmaiy 
nte of inocolackn. wai on du aamvm, tbe mgnmal or tnnhOktl regko. To 
begm with, the lenoo Is atmllar re that of any tick bfte. There U an Inflam- 
macorr area of about ^ In. to ^ In. in dumeter abb a imal] cnml papole. Tbrs 
papule breaka down, tearing a oecrodc bbdt ctnxre. By dm the eachar 
b about I m. ^ m. in tiie The Icdoo become* amaBer and tbe nc cio dc 
centre ufuaDy acpatatei after about a week. leanDg a dean but ccngeced Sooc 
The only difference between ihb lesion and the bite* of dean deki which »e 
hare obaerred b the done nccrotu. 

At hai been add, we do not dunk that the preacncc or absence of ao 
eschar b a enrenon, as used by Roeorra (1939) to separate tbe typhti*like 
dbease* in Kenya mto kskn and non-Ienop typet. The derelopment of Deuod 
of the tbsue may be doe to ictori other than the inocuIatioQ of the mfecni^ 
oigamsm. The site of the eschar soggeat* that bietim or chaffng may In part be 
responsible for csiablidilng the Icnoo Fimhermore, sccrtndarT infccnon ether 
from the mouth parts of the Tcctor or from sditchmg may play a part. 
Liwnrwam and Sstooe (1^^^ dlscuased m detail how an eschar may 
or nuT not be found m trotsugamusbi disease, and condoded that ooe and 
the same nru* may cause gradaticai* of dermal ktums ihnt ary grtaily In 
eiretil. We beHcTe that dii also applies to the nck-bite nckettsial dlwaw 
onder coandeiatKm, 



of «omeap„ 4 m f '°™od oachar, *e „ 

"■>“'* K Sha J/ «e vaacuh, oieT “"i'd changes a. a 

°^atena] of from the cura- , is a centr =.7 * ’ ^ ^ the 

^"ed out thTeniT^^^ ^ssue bTo^ area 

"^th hisuocviP conum ^ completelv ^ ^bnnous 

tound ceurr w celJs fn °^^^™atous ^and I and is 

The vessels °^^^^^onaUy small ^ them a infiltrated 

endotheha] nro/.f ^n other i* "'fiere rfi ^ Present 
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f" tic seSfn 7 of tic ivec of ?’■>”? = Bm ^ aio„ 

“-“77- -«7aht7r““- 

'^r.ii's7“* awedVr" ■” f-o 

, r '“'“^^-ovadahfefoc 

“ MoSa°be^'''°““' ''“c^t^r”™ 


in 




TTCr irPULtf nr east atika 


wm-RLix Hucntr^ 









G W A DICK AND E A LEWIS 


321 


Tabl£ V — continued 
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TtcE rrrQue n XAJtr Amci 
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W ! 

\\ iih ihr t' ipi'"!! <'* “nr i I'c (C-t ' 1 JH ItI’Ic \ I’iJrT U> W ft 

o c of mtinnc nphtiO im 1 , 1 r ' il »-f \.\ ni cvntnttin! m-nl 

utrc '- 1 itli rr'-tc n OWitn n\; c il <r l-mit t'f no': iflitN i flc*! 'f'l 

ii\Ii'i\|l '■Mol !(’'> Onh I If < -1 r (C 1 ''- 'n ''lo utl ti ' lifimiton nnh 
C)\K mi junv, 1 ■- 1 ' ic, <hft\ ' n «i’ 1 Ui: M* 1 I he lu; 1: ' th 

li-inJ t) K' o'f-nt c<l inl t)\k-tx 1 -<1 o It inirfc ll ('ll!: ot ‘r\rn iniM 
in t: O O 1! o'" tl (. ‘ \ I fl r . ihV t| i‘ ) ( ‘H i i thjr'' of inodlCI pii'llji 

of, f it\ ' (.niiuli T\ i 1 '- o’ rd in ■ inr « f onj C Uiirt Imtlr ofO\/v 
o md n '•Cl ri! jnohlh’c thi, t’lr ■vuilirt* * n Iih \irlrlri] hirh 
Ti(Iii!nn'iith>i'i'fM'frrhj^"i'''i <c Ij’xiidoilrr odii Jnvr 
tcp^'lctl ihf thnr o s’ n'i!,t in H'/v i jvn 'i ini! fhr ['t'vliuiion 
of no 1 j\ 1 I V 1 'I 1 nfo ’nn tri\ dm i i 1» 'i i','K of OXK u'ji'ts 

<ifn 'ft r'K""!! >ri{ hr^' i, i( n > tc' '•il i nil 1 1 ‘ « ni IS" mil ftini in ilitnl 
nil -n Iloir n ' n,r!ir>I litre o^ "T' front n h. i irn n"i niTcrno 

fn n vie :c' c.i il I'l ’ etr it rr hi ner (h m 1 'T*' mil Inc 'e 

ith 'oi fi'' n jn'ic 1 ' ' fh the *h - ,'o -tv! fn n n 'tin it ‘mi! in t tn! | < i on 
Cfttr II uln I’l t’ e T'-i n o^ ! < 1 n! f)\K •■u'jifn nm 

f)ur c' I'-r eire 1 initit (<> ihi ' f I'/ iiino s'lUnv vihUiili. 

\fo nitftin P‘1 tc! fc\r'' in tin' tin V.cillri)' t Intn'ino i irii ion n imi 

nlrlilt tl!i,,ioii i!I\ (tl fiiitf' 'iiid i .{» il n!iu n! infrttmn ^ivh t "r 

In r liccn ilnlim mih in I I'f \ftv i In ’■o nli Aftio fn \i fl'^''’' found 

i li Ilf / I'M frvcf ft n"* in Im,’) 0 \ ; ftjvl f> \ !*) tiin lim not i ii!t O \ />, 

Our '•fohi^ r i! (indin rtr eonfifmcd in iti 'cni to !)i ] II Ci w 
tif tiv ‘■'null Nfiii III In ntn c of MkIv il Iti i- it< h ftivi m Mft)or ' in U'kh i ' 
R \Mf of he Crnitftl I’lflvi’' 1 ,ft!ri cor ('ftiro Xpiti from ihi one ri'c 
nf tnunne i\j'!u) ftltr-il' nvniioiid t,.) Iniin nv n te i wnli ntnnne nnil 
cpi'l'mie rir'ctnnl <n‘i«'irion i etc ii-j nut nid roinplnmni fmiion n 't' 
nrrif:! om hv I)t Cij w ictc ftl'o ncpniir 

( o\c I rhio\ 

\\ t hclirvr ihit th. oinluei! nf »!i net iih vlmh t i nrre dnlinp nt file 
RAl ftivl prnoiur of i, ir t imp in tin Ron Riii/ ftrn n vlmtinl witli 
fftcc? of •’mu! ir 'Mtipioimmlo^'v \ Imli oi-<nr pmuluftllv tIiT<nn;lvint Ith 
A fntft ftnd idjfttcni icrnmnc' I Ik tli nn i>. iinnhr in if noi iilmtinl nith 
tile dncft'-i. di mnmed ft"' tirl npini md rttonirti h\ nnin (itilnn docitm 
in Lftit Afnrft It Itm. Ixicn 'lKn<.n 1)\ mir iNpentnenn i!i n t\^o of tin jiovsiiilc 
tcciori nf till' di ift'c ire R nnii/' * mti II Irachi 

We c.inno t. jet in il e ft rinpin itir *nttnunt fthom ihe nniforinit\ of the 
dt'cft'e throuphoin 1 ot \fric i I'rtmi t 'iud\ of the liientnre md finm 
unpuhli'hcd reeords ic believe ih ii ill r I'-r-. nf iirl borne ‘ typhii' ’ v'hirh 
hftvc orairrctl in I„ftst Africa ire tv'eninllv finiilftr to tho't tle'cribetl by Wvi sn 
* Ii iimiii uiu incriniin iicd ft\ i victor of n r iiuil-ir ilvi i e in ! rilie i IMa' 'On Damii 
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(IS4J) iDd Itudied by u». There miy he some nrutkor in the ttnia* of od. 
home RtckritsiM m E«i Afnc*. Thiu our ammils Inoculittri »hh macmttd 
H Icachi rqic t ed more •erciely \h»n thoie infmed mltb R. lumrt. SuoDjnry 
gmnopig* bjeatd with biood from parietm whom it waj njjpected had hreti 
birtCD by H l^ht reacted more •cmely than those who had probably been 
Infcaed by R stmuj Onr rmiln to date arc Incomplete hut tb^ li a cmato 
atnAmt of eridence that m tbU ockdionK dlieaae m Ew Africa there mar !» 
ttiairtt of Rtcketisia of tCffercnt rlnUttict acccadlDg to the tidt >ecior tejfoo- 
•Ibic for the traumonoo of Infccrioo. At the tame tone wc hare foond oo 
difference b the morphok)^ of the janulte. the pattern of cell Infccnon or the 
palhologictl changes in gulnetplg nsaocs in 

(a) animah tnfe cr ed with nweented iida edketed from Ktiroii, sod 
from Morobatt 

(b) animals inoculated with blood from padenta lofecTed at the roa<t 
(hfotAhM area) or in the highlands of Koiya (Nairobi) 

It should bo rtroanbertd that ridcctnial dsacaaes of the tame group may 
ihcrw Ttrutiont In ihdr dtnical plcmres and that witWji any one grop of 
Rtcheiina there may be strains of rarynig rirulcnfc. This Tixiauoc In the 
atnin. perhaps derermioed br the tide recter may eapiaJn cmals raruticm la 
the cEmail picture of the ome disease (e^ CiEAtny 1932 \Valjii 1945). 

At titf utoe time it seems that then has been aotne coofuiioa in East 
Afnca with regard to the dagnon and clasMbcadod of ncLeraiai diseases. 
Munne cyphia b btosm to he present In East Africa, at enienetd by the case 
dUgnoacd at Mombasa (Table I Caw 1) and its preaerKt it loggewed by the 
cTpenraental srotk of Roatrro (1939). Thh latrer Lfiietdgator obtained a strain 
of Rickeltsii and prodoced reartioiis 6i guioeaptgs by lojecrioa of emuision of 
(a) fleas from rats, and (A) the organs of these rata. The rats la qoertioD war 
trapped at a brewery in Nairobi mbere four men had had typhindie dhea* 
RnaiaTB stared that the iraDabW ersdenre poinred to the flea Xn»ft*rlk 
chropu 3s a probable sector of typhus bi KCTya. He defined tsro form of 
typhus m Kenra — * iw»gi/u»cia4jome and fle»>borDe According to Roanrri 
both trpes of rrpbiH are much alile In tbeir dinicai fannes, bat are <fls- 
nngmshaWc by the abacnoe of an minal knon and by their eptden»ok>gy (It 
has alrcadv been stated that in certain of the cases. 19 per cent, of the t«± 
borne rKkemul disease under study oo pninarv kaioo was found.) According 
to RoBOtra the pesTmortein findings in guineapigs tofeaed with the mimae 
mam differ from those of the del. type mainly in showing leas asotei and 
slight enlargement of the spleen The rfclcttriae donomirarcd by RoiEara In 
hi case of * saagsfwens-boTTie typhus, which be kindly alkmcd ns to esamlne, 
arc m no lespen rmilar « thoic found by us The cell infected axe serosal 
la type and are packed with ncktndae Our caperiments udng macerated fed 
I ou esper i peats aseftss s«i onlr proem m BUmsb O rooh of maodjjj 
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(3) the typo of cdk mfcard. 

(4) the hiCDpithology of the duease m gmiic*pig», 

(5) the WcU-Felix rcscdoD. 

(6) the km nHJitihty hi mfeacd gmncapi^ 

(7) the ftllare to prodoce infectKm m Egyptian g^thtlj (Crrin7y* jrrWiB), 

(8) the rTinlfl pietnrc in n\«n. ^ 

(9) the epidemiology of the dleeuc. 

(IC^ the Tcaar 

If, *> icoDrdlng to the endcnct of Amencan »orit£H (PufrEmw 1SH3) the 
nck-bcmic rictertna] di»ca»o do doi bciong to the Typhu* Gronp of fncn, 
then the name Qck typhia U an nonoffacioTy cu to deaaribe thh dViwr. 

Ean African rportcd fercr or Blan Afncan Dck Uie fero- wouH then be 
more nihiUe. The name " nek typhia ” U, howerer ctwimcnly med b 
Ean Afnca In deKnbmg ehU dbeaae and la In aorordance with hlcoAw'a (1921) 
daadheanon of the feren of the Typhoa Croop. The uae of the nanic tBi 
typhua for thb dlacue wtn probably lead to lem confmloQ, and t better 
diffnendation of dhe other lypci of ndcettala] daeaaea in man is East Afnca 
and adjacent temtoriea. 
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popul*tian, Cftiinttcd it betwten 7000 tnd 8,000 lad indudtd in the totJ 
of 20,000 for Joi nitirc town. 

Jo* nitive town ts dmded into four ippnmmxtdj cqml qmrtov 
qoirter ts dmded bj roads mto blocks and etch block contains on an ircnie 
ten coinpoondi. A cotnpoaad may bouse lercral fifnnf<^ In a rabbit warren 
of dark, iH rent Dated, orertrowded rooms of mud and with rittU 

space between one buDding and the DctL About half of the population in tie 
natire town do not possess a complete change of dothing Wash^ of ^■u im k i 
and penooil ablotloaa are perfujnctoay It was found rlwt is tbe natrrt tm 
the popuktkm was almoat whdly mfeated with Ptdunbu haum cwftn 
whDe head and crab Uce were frequently found. In some ****** the infestatloi 
was so hcary that h was impoaalbte to find an mefa of not inhabited by 
lice. Bed bugs were abundant on bedding and, oceatioually on dothing. 

COURSE OF THE OUTBREAK 

Dimog April, 1&15 three patients admitted to Jos African Hoapitil were 
Boapected ^ tuffenng from typhus. In two of theM tbe diagnosis was con- 
firmed by agglutination apinst Prataa X19 at titres of I 200 and 1 800 
retpectmiy in the third case no agglutuotjon occurred. All these pstkels 
died. AMoogfa oeitber of us was ttitiooed in Jos at the time, we ondoatand 
that they presented a almflar drnical picture to that of the smrt cases cccarriBg 
later muriiM typhus n known to occur is Bmob West Aim 

(FcTDtJtT ft tL, 1^43) and at that time no great importance was sttichtd to 
the finding. As no regwtration of deaths wv m force in the natire town wba 
we ail I red H was thought that the opening of a new cemetery which took pisce 
at tbe end of May could be olDixed to ascertain the crude death-rate. A care- 
taker was appo in ted to the new cemetery in order to make an acfunte ccoet 
of tbe nnmbCT cf bunab each day The fim figures were obtained for tbe week 
endmg 2nd June, 1W5, during which twenty fire bunab were made from tbe 
nstiTC town. Tins coTreapaodi to s crude deaib-rate of aixty fire per tboosnd 
per annum, a figure greatly in cicea s of the normal for other towns In Nigeb- 
On enquiry K wai found that pnyoa had alrady been offered bi the mosqw 
for the iQcvMtwn of a aickness tn tbe town. The heahb atiff were matniflc^ 
to search for cases of cckneas and oc the 4th June cases were reported from 
one compound. The compound was naited and twelve iKk persons were (£a* 
corered. Further one person had recorered after a 16 days Qlness, and another 

(fied 2 daya prenously after an Dlncaa lasting 12 days. Sera were takm 
from the patients *thJ eight of these were returned poaiffvc to ATP aggh^inat*® 
up to a rrarrm rifn litre of 1 6 400 m One case. Thirty-eight bunab were 
recorded the next week. 

Graph 1 shows, fortmght by fortnight, (a) deaths m Jos native town fro® 
an causes (6) tbe number of dinicsl cases discorered and (c) the deaths 
doe to typhus amongst these dtscovered cases. 
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Uofortmtctdj^ tbere crc oo prmou* fi gur e* cnfiible to ibow «htt b 
tbe normil datb-nte for Jo*. The me in Jot toToiUp did oot ibov tej 
gre«t muttoa from to arerige of fourteeo per tbotmnd per cmam (Gnph 2) 
This •errcs as a control ol an Afrkao populatioo cxpmed to tbe tuDc dnnbv 
cocdiUoDt bat thing under viatljr ia«e bypenic condkioeta. Tbe Io*fl’ 
tncideoce of tjpfao* m Dodo quarter and Bokuru ra Maocrated witb a lo*a 
crude death me daring the period of tbe cpidcrmr (Table L) 

The crude death rate in Kano, a typical Korlhern Nigtmn town, which 
locludci treat rrmilar to Jo* natire town and Jo* townah^ baa Tined betweo 
twenty three and twenty fire per 1 000 per annum during tbe paat 3 year*- 
It a cema probable that tbe deatb-ntca in Jot hare bem nocnnl " ainct nad- 
Septeraber Dimng tbe I8*week period, 2A45 to 15.9 45, total deaiha froffl 
all canae* m Jo* munbered 498, giving a weekly a rer a ge of 31 1 Dunof the 
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coonccttd with h by road and ral Two of th«e caao were endfinoed by Wefl- 
agShitinitioo tata, AD coiu»cu were ihoroutUy d»infe*ted and do 
aecondary cases occurred. The doth-nte in Buluni did Dot vary from what 
h considered to be a Dcnml rate, twenty fire per 1 000 per annum dunnj the 
period and ii a probable that the mfectioa was brought from Joa and did Dot 
gam any bold m Bukuru, 

On 16th Aogiat m response to a report of ujKfasgnoaed deaths, one of 
os visaed "V am, a nUige of about ifiOO mhshiunta, 17 m3ea by road from Joa. 
TVo cases of dmkil typhus were diacorered both were heavilf louse-tnfeated. 
^ A datth,follouinga7.daya Blnen aaaodaied wah ** loaa of sense,*' hid occurred 
m one of the two compounds 10 dayi prcrjoasly Only one serum was collected 
before death, and thsi gave tares bdow I 100 for the \Vc3-FcCi reaction. 
The following day the lAhstrrtuns clothing and bedding were deloused m both 
compounds. All the viDigera were dusted with DDT powder As the day was 
a public bohdsy and workeri were at home, it U anlihely that more th»n a 
very sm«1l proporrKm of the population nuaaed treatment Odc further dimcal 
cate wacs admitted to Vom Mmioo Hoapiul wnhin the incubation period, but 
no other cases hare been teponed. 


EPIDE^nOLOCICAL CONTROL 
Control of the epideode was obtained by isolation of patienu and tbe use 
of DDT dasdog po^er 

DDT DutttMg PotrJtr Three types of DDT dnstmg powder srere used. 
A quantity (182 fti.) of Neodd, 5 per cent. DDT powder was all that 
was availabie during the first wecka. Later the Army ind ILA.F kindly 
'' supplied a quantity of crude DDT powder Btsah day which a a fine volcsnlc 
mK prodoced locaDy by the Ksdona Syndkale, was found to make an exccDeiit 
daMnt for a 10 per cent dusting powder Tbe mhong was a hbonous proems 
and had to be dcoc by hand h was earned out by Army personnel, who 
ground the two sobftances together wdh mason s trow el s on flat boards. In 
this pfumtiTt way over 2J tons of dusting powder were macd. No fll-effccts 
were observed in the persons engaged la tbe matfofseture. Towards the end 
of August, mark III anti-loose powder (f 5 per cent DDT) was made sviiUble 
m large quantities. 

Three machines were used for dusting — 

(1) Hand operated dust guns, 

(2) Hand operated cjsnugas pnmps fitted with an ertens on hose and 
a wooden oozzle at the cn± (See Figa. I fk 2.) 

(3) Paint spray guns adapted by rcmoring the fine jet and ttt i cii fd 
to petrol compressor pumpis mamtamed at a pressure of from 00 to 80 Ib. 
per square inch. 
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w*i repeated between tbe later*. Fo* tfaa luift dothnae, ■ppratmMfoJTT J ck. rf niTP 
^ ^ ^^«nen were empfeyrd to deal wftfa the fmiie pwt 

M the pofnktkn m new of rcli(«3ut tmcepttbJTitte*. ^ 

Trotxrgn k>* DmxmtiMJ Se\n Cumirto jcid BiBcoto. (See Flj 2.) 
Comprumd* were tborotwtdr •embed be tbe sofE. «! •Il dotWai! and beddii* 
cnOmed. Ri^* mi old Md tore •fecplaf imis wer» emdemjwd ui bant. TIw 
TOiaiMtl«lotbe»weTttbttttkmcw« tfa* Ud ft«t. duited on both tide*, «nd between 
tof Ujer*. The nert ek^ wm bod on top aiwi ■fcnflarfr treated. When wml] htnU* 

had been dm* dealt with Act « ere WdedtofTibeT and pi^edJn eah*dttd boo daatbki 

fitttd with lid, •etera] duetbkw bein< card tn ewch cwt^wuiwi The 

pb^ at Ac atm md left tor 43 hour* befcta ottftwn» U«e of di«tb»n twl tlw feOowwv 


1 Therr ptetented rertwral, •hakfcw ml wwaJun* of (lantKnta, for -fS bouri. 
i When left tn tba auQ they becMiv boc. Bi-rTtr* (194S) natei dMi beat accel- 
entea tbe letba] aeden of DETT 

Thii metbod waa httbij e fflewnt , N Bra Ifce were eter diacomed on clothe* tn ai e d 
in tfak way 


Em.T DuoovEur ItotATiox a-xd Dumnmnox or Cua 

A.VD THU* OvfTACT*. 

Tbe combi ruttoa of finafiaio, «iih tisttml nitjwaoa of the nice 

of UolittoQ in t <li«e*se which does oot tbow a dm matte reapoiue to tr ea t|ne ]^t , 
Butigtted cfthm evlj ruttficction of cam of Qlneaa. In the beginiuAf there 
tres DO notification at all and ne were kA to do iIk ben we could bf houae-tO< 
botiae Kvefaea. lo ofdef to enebte tbe bolth authorate* to dtacorer aod bolaie 
c«m tbe foOovutg nepe were taken — 

I CompuHory rrrbtcatkx) of all death* wbj totinjiimi Tbe wtiou rafoaed 
petaoB^ to bury wit body uotd burial permit had been baaed by the Retjttrar It 
wa* foTtmate that in thtf Morimi et Mimm lty the method of bunal ia to um cnronincia] 
bund locamd. Tbere it no r ea aoo to belief tbw burial* tooL place other than W tbe 
prcacribrd ceow te ry Thw howerrr <bd not fhw any nnbcaiwn of tbe cua of deadL 
for aotcfiay wwi alwm rafiaed by tb* hloafera csomnnky aid ta the tayif i t y of 
caaea no pwhfl certi^cata cuuU be obtaawd. Tha cmnpuboey Rfntrallan, 1» 3 w l v' c i 
did fire B* iafo mwtK P m to wbrre dectfaa wwir oceiimnt m tbe town and whiA tpiartm 
were moat w P w-^ Tber* wwi c%cn then fieat dificuhy (n findawt ta e npwm d* where 
fWth. occuiicd m% ati e c ti were amamad and l ai ti ar bkidU nor ceeapoand* were 
mmbered. Tim dithaihy waa orwretew by iwrabertea blecki vd botora ounrirea 
2. Tonw under tbe charce of oatp aamuiy ip ap e tw * made aytlcmatK teardi 
from bouw to bwwe AQ caaei of akhii eaa dtacDrerad war* exammad by ooe of ua, and 
if typhm was sutpected th* pahent was defcnsed owl i c iau we d to the ttofatMc centre 
3 Okmfestataan was earned out to all compouadt from wfuefa i mpal e d ease 
waa rertpred or m wfaxh a person (bed frmn any uac mi fle d cauw AD them comunuod 
were ubscquetuly rwrted daff y for 3 wrrica Ea^ day aD mtate* were area and all caaet 
of aicknea erammed by ana ef u» lit do* way aecoodary caic* .r ou T a y asmen 
maaeu n tlw aame cnccpooiul wert dwcu eered. Dunn* tbe cariy week* of the ewnpaupt 
tba atmate* cniy were dekiuBed but after the lift July tpmit riothm* and beddmr were 
abe mated. 

From the 4th June until the 20th Jooe trtnog to tbe hmked topply of 
dufttng po»d“ ^ powibJe to drtmfeat pemoru in compoundj fa whjct 

death* occurred from oncmified ctaae* or from which a tmpecled ca*e wa* 
remoted. 
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The African *uff in foil protectlTc clotlunjj wae tprarcd with DDT 
powder before coining on doty OoIt one cue occurred « an eirfr rtige 
•rnong the «uff thk wo m an Africia fonaie Qime on the 16th Jcmc, who 
tad been nuning eome of the firK coe» diecovtred, befcwe propbriartic finec 
t\oo» could be cfitalDed. She recoT er cdL 

DISCUSSION 

From tbc openeoce gained in tratlog ovrr 80JXO per*on» ind 
nttire compoundi with DDT powder we would mahe the foDowing rnmmi>iTf« 
end euggestloQi. Theee apply la particular to an uatnhgbtened CMnrmmitv 
which doei not tppreoate the ralue of propbylata and it therefore both unco- 
operaliTc and evatrrc. We corwider that the technJqne tacd for duinfestlDg 
people kola aS Urmg bee on bodr and dotUng nltfam 4S boura m at leaat 03 
per cent, of a hearQr infested populadoo pitmded that re^nfntation can be 
prevented. *n>e aourcea of re-iofewatton are -« 

(I) Chsangie^ in(o tofeared clothing 

(’’) Contact with in/eated peraom. 

(3) Hatching of nitv 

Methods of prerenM^g ft InfeactUow from these awircts art u fonows — 

(1) Treatment of aQ spare dothing at the came time as the clothing 
w htfh B being wore. The method of plaong dused ctotKmg m ctoaed 
dteetbou prostd raluabie No bee curvNed tha treatment. 

(2) Mi possible cootacts should be trreted at the tame t me. Slreul 
tsQcous treatroem <sf persons in compounds marta and schools ww 
carried out but this soorce of rC'inirntation is obnouvlr diJhcub t 
dinunate. 

(3) A. repeat powdenog after 7 1 10 djvs (about 7 days ts the meuba 
tiori penod for mts). A very conceiitrated attack would be reqaued to 
cover a large area in 1 week so as I be rredr to follow up afrer 7 day^ 
We found it imposaiNe to do ihts in Jos 

In new of the obnous difficultie* in d imnatint; sources f c in/csut on, 
methods of prerenting the remmwl 1 DDT f om garment hmild be 
studied — 

(1) Lmtructiotu not to shake or nash dusted dotbes bould be gi eru 
In Jos vre found that these intmjctKms sicre verv frcquemJr igivornl 

(2) The possibihiv of solutton mpregnation ot Jwhmg should be 

micstifttled \ccord ng to DiTTot (l‘M3) doth ng can be to rapregruted 
that screral utsb ogi arc required to emm the DD 1 \ technique 

IS required that would mak tt possible for mobd team to collect all 
dothmg drp d in a DDT soJotwo. dn it and ret im t to the owners 
buch s technique would be of great ’■hie. 
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It miN he <ntcd tint dclatiMtit: oi persons tail the treument af hnidiai, 
and sptre clotlaia; in tlic t<i\ut bectme cMreimU pupal tr. imuh vn thv 
hnu'scholdcr-. ined to iiaiairc uhrt their cotiipoandN toaUl hr dmic I hr 
appearance of tht ddoaiini; tt inn at tlu Ii<t few ucr!"' m the t'>tnpiit>n 
hecante the sii;ml for luatvclioldcr- to '■tut hrintiiin, out hnldini; md ^pafr 
clotbini: to he dtiMid \t i rcvtnt meeting hetwrcii tlu local intjtr lounLil 
and the Dnintt OHiccr, the council c\pr«r:<=cd the ht'j'i tint the * tinr powdrr 
could be made atathhle for piireha--c in tin lotal sliopv I )ic\ farlhrr .nldcd 
thit *;incL tht hcihh authontim Ind powdered the tnun thr\ Ind no lut ital 
no bed hups , tnortotcr fltei and uto-ijimDc^ Ind hicn ndittrd 

Prom tht Iibontort endence hroucht tonvad In I tMit tt tad littfv 
(pt-17) thtre n little doaln tint tin cpukmic nj'; oar ot hni r-horac ttphu'' 

SLMMMn 

\n outbreal of ivphin oa tht HukIu I'htcau of \iecrn n dr- tfihr»I 
The control mcasurcN in particular the uit of 1)1)1 pmsde-, are dminhed 
It n 'luqpccicd that DDT imprcpintion aictlunls auqlit puc the tmrt n 
factort rc^ailt^ in a mint conmiunnt 
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340 TTTm's rt voriBrrf vkeiu 

UiwdAthed otrimww* itTt»«h taggm tUt t4»ri i» fr,nn r4 tkk-bwn* 

trpou* id \V«i Amci. From the btond ot Eumpeen officer KtUoneiJ (n TleucH, Niee^ 
m, the «\Kna trf W3 ritl^niUe mete rtnlned in |tiat>enmjr» mhi>e tt* peherit m u r u 
(n« poekh co pvVw c T feubdo ten m tfa South A/rie»n tick typi™ uitfRm bat 
munae or efeJcnnc typhut ■ninieo* A the wme time hn »mim tided to derefep 
■ Ugl u f i rra >a«inct either munne or epedem tipfius ncketnlee 

TSeo *im£I*r caoet aho occurred A fcir meeka KteriaJ m European tei pj iCa 
ataoooedAKjnttiTtpo,Northet7i Aihand GoUCottt. Here i» derriopeJ 

f<>f upentMrta of eJtbe m iw or ephkimc ncUtmae 

The Btochi PUtciu outbreik b the fim in \Vc« \fnc3 which cm be 
regirdcd «s definitely epldemtc In chancter In the Congo bowerej 

epideiruc* of nchettto] dt»e»ye here recently occurred m Rtaado-Urondi, 
CoquiDiitvinc L^opoldiille end K«i. Tboe cpWcmfc* capemllr in tbc U*t 
2 jwi. hjTve grreo ri*e to ■ moruhty u Hgh « 6 per ccm. (\ AX Iloof l&W) 
thrr are regirded « due to ncketrtttc of munne type (SiiTttN 1943 Jmrx 
I&13t md b). In South Afnct, Gru ti sL (lW-1) hare reported m ert entire 
outbretk of t>-phut mhkh Iu« continued in the Tranakei itnce 1941 here tbc 
evidence evefudet a munne on)^n trartanuMioo beinf ilmoat certainty by lictu 

laoLATias or RrctmrtiMc moi! the Jos Frimne. 

Rickefftue have bem taotued both from lice coHecied in jea and from 
the blood of patieirta ndTenng from acute lAfectiorv 

Four batebea e*eb of bet w e en thirty and fortv )ict. mere eaptoyed the 
fim batch vrta taken bv ttf from Joa to Lafios by Dr C'tcrn, \a»ittmt Director 
of Heahh Serrfce Nqgena oe Nth June. 1915 At Lago* the lice were waibed, 
grottod up m atUne and mocuUtrd tnirapemoTKaJli ntto four gumeapiga. 
Tbeae guineapigt ihowed a nae of temperature to IfM F., ec more on the 
•fth to fth dav after raocubtkm. Eighteen paaaige* bj intrapcmoneal inneuJi 
tion iwiog emubKm of apleen and brem hare no*" been made m gu neapigt, 

A few dija bier on 2Dth Juoe, 1W5 one of oa (G M F ) flr» to Joa urth 
gumeapigt, and further Inocubllom -wtre then made with three batche* of bee 
coDected from the clothe* of people wbo were other ill with a irphoa-likc 
or were Iirmg m the aime compound a* actual caac*. 

Each bittch of from ihrrtr to forty lice, after haimg been wiihed, wm 
ground up in tahne and vnocubted mteapemoneallt into guinapigt. The 
gumciptg* from Datchea 2 arid 3 faded to react but tho*e mocubted milh 
Batch 4 ahowed a r»e of temperature aboie 104 F on the 5th, fth and “th 
day* after inocubtroo. Paatage* «er made uainp ippfotimatdr iO per cent, 
apleeo and bran emukioQ in aalioc. Tuentv con%ecini c parttge* ha c now 
been made in gmneapip*. 

The blood of ten patwnu waa inoculated mnpentooeaJl rat guineaprtrt- 
\a m moat the day of commeocemeia of then illne* w» ocertahi 

the blood »a* allowed to clot m the efngerajor The tenim pipetted 
off and tbe dor ground up m aaliite 2 c-c. of bralcn-Dp clot were moculned 
intrapentoneaJlymto three pnneaprg*. Two aajnplea of Wood f om Beatrice 0 
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■who had almost certainly contracted the disease while nursing a patient, were 
moculated on the 5th and 6th days of her illness intrapentoneally into three 
guineapigs With the first sample of blood, two of the three guineapigs reacted 
13 and 14 days after inoculation, while with the second sample of blood only 
One of the three guineapigs reacted after an incubation period of 13 days In 
guineapigs the Eeatnce strain has been passaged tnenty times, using spleen 
and bram emulsion or blood intrapentoneally 

One patient, Shetu Zara, failed to produce any reaction in guineapigs 
which were subsequently not immune to a further inoculation of mfected 
matenal while the patient herself at no time showed a positive Weil-Felix 
reaction It is doubtful, therefore, whether this patient was suffering from 
typhus 

The ten strams isolated, with the approximate date of disease when the 
blood was taken, and the incubation period after inoculation of blood into 
guineapigs, are shown m Table I The day of disease, except m the case of 
Beatnce O , must be regarded as approximate , many of the patients did not 
regard themselves as ill at all, while to the sick African and his friends time is 
not of great importance The incubation period in gumeapigs was calculated 
from the day of moculation till the temperature rose to 104° F or above 


Tablc I 

STRAINS OF RICKnTSIAE ISOLATED FROM THE BLOOD OF HAUsA 
PATIENTS IN JOS 


Name 

j Day of disease ^ hen 

1 blood wis withdra^vn 

Incubation period in 
guineapigs in daj-s 

Beatrice (Strain 1) 

1 

6 

13. 14 

.. ( , 2) 

G 

13 

Enyaw 

7 

0, 0, G 

Halima 

^ 7 

7, 7 

Dij6 

6 

9, 9 

Hassano 

' 6 

6, 8, 8 

El Hac”; 

3 

10, 10, 12 

Ibrahim 

8 

9 

Yusufu 

6 

6, 6, 8 

Ersabo 

6 

, 12 

1 


Ten strams were thus isolated from nme patients, twenty-one guineapigs 
out of thirty moculated showmg characteristic thermal reactions These 
human strams have been passaged in gumeapigs for from seven to twenty' 
passages by mtrapentoneal moculation of either gumeapig heart blood or 
emulsions of spleen and bram 





G M FINDLAY AND B G T ELMES 


345 


Table II 

* 

RICKETTSIAL AGGHTTINATIOVS IN P\TIE>TTS FROM JOS 


Number 

Name 

Fpidcmic. 

Munnc 

1 

Saidu 

1 m 400 

1 m 200 

2 

Sauda 

1 m 3,200 

1 m 200 

3 

Hajara 

1 m 400 

1 m 200 

4 

Kan tan 

1 m 800 

1 m 200 

6 

Beatrice 0 (6th day) 

Nil 

Nil 


(10th ) 

1 m 100 

1 m 60 

6 

Musa Bukuru 

1 m 400 

1 m 200 

7 

Mama 

1 m 400 

1 m 100 

3 

Idibo 

1 m 100 

1 m 100 

9 

Ibrahim (6th day) 

1 m 100 

1 m 100 


(10th , ) 

1 m 1,600 

1 m 200 

10 

Uba 

1 m 260 

1 m 100 

11 

Bukaru 

1 m 100 

1 in 60 

12 

Ibrahim Mohamud 

1 m 100 

Nil 

13 

Halima 

1 m 200 

1 in 800 

14 

Chin Chin 

1 m 3,200 

1 m 200 

16 

Alh 

1 m 200 

1 in 100 

16 

Yusufu 

1 m 800 

1 m 100 

17 

Serikm Kasua 

1 m 200 

Nil 

18 

Hakima 

1 m 200 

1 in 100 

19 

Hassan 

1 irj 400 

1 in 200 

20 

Amma 

1 m 200 

1 m 60 

21 

Manu 

1 m 100 

Nil 

22 

Isa 

1 m 200 

1 in 100 

23 

Dodo (10th day) 

1 m 200 

Nil 


, (26th „ ) 

' 1 m 80 

1 m 40 

24 

Ganiba 

1 1 m 800 

1 m 200 

25 

Salau 

' 1 m 60 

1 in 100 

20 

Azimi 

' 1 m 200 

1 m 100 

27 

Shaibu 

1 in 400 

1 m 100 

28 

Gambo 

1 m 200 

1 in 100 

20 

Jumam' 

1 1 m 800 

1 1 in 1,600 

30 

1 Audu 

1 m 1,600 

1 1 m 80 

31 

] Musa 

, 1 m 100 

1 1 m 800 


RICKETTSIAL AGGLUTINATION IN WEST AFRICAN ARMY PERSONN’EL 


Number 

Locality 

Epidemic 

Murme 

1 

Lagos, Nigeria 

1 m 60 

1 m 400 

2 

. 

1 in 126 

1 m 2,600 


n t 

1 m 40 

1 in 800 

4 

Accra, Gold Qiast 

1 in 20 

1 in 200 


’ t* 

1 m 10 

1 m 100 

0 

Kumasi „ 

1 in 60 

1 in 250 

7 

Tfshi 

1 in 40 

1 in 400 

8 

Freetown, Sierra Leone 

j 1 m 25 

1 m 400 

n 

Bathurst. Gambia 

, 1 in 40 

1 in 800 





rmn’s isf t-omtccx 

gerbil cukure* of ihc “ EtUc ” ftr*m of cpWemJc tjphui, the Dtw ^ tlrva 
taring been aoitted from a nath-c Buffering from typhia m the E**mi 
TiBMvaal, Tbe JL prw^sth w ttooten antigen wai aimOaHj prepared from 
gtibil oiltures of tbe Jlbodea ” itraiti of munne typbu* »hich vnu ladited 
from r*u caoghl m ibe piari IHttnct of the Cape Provmce. 

The reauJti of compfetuenc fiction tcata are ahown ui Table IIL 


Tablb hi 



RUatoU complrniem fhsnov 

Aagikinmcn of 

£pid0ujc. 

Tfonnr 

Amw oA n 

Hwrw OXt 

Mum 

1 •» 

1 aou 

1 4n ) 

1 JtW 

Idibo 

t i,ooa 

1 3»0 

1 *- ' 

1 laa 

tbnhkn 

1 WOO 

1 aoi 

1 an 

1 ii 

Vba 

1 a,?(n 

1 

I 

1 JOi 


Ahhoogb there a t certain amount of ortriap ahcnring the poMeesKin of 
commcKt antrgma, the complement fitatiou teat, u In the caae of tbe rickettakl 
agglo U naiioo (eat, farcura the riev that the atmna aboultf be daaacd at epKfenue 
rather than miirine. Tbe reaulta of compfeaest ftxiijon texra auh the Kadoni 
atram are do ct na ed bdov 

TKAnncaatoN to LaBotATorr Aimuii. 

(1) PmHiIs vere inoculated IntnperitoneaDy' and btratracbeaffy tnra 
peritoneal moculalion aomeumea produced a tbenrul reaction up to 101 
but utcubtaoa penodt varied from 6 to 14 daya. Typical protocoH are u 
foOoira — 

nrilfr 10 if wnW trd totnfcntatwaltr 2 cc f 10 per cm. eraulucn of 
bnki fram the trscotb noMaput of Ibnlwn itran The 

ten^ieTame mm w 105^ F co the 6th d *7 afur ■wu l to oc tht r*bt* djul < <Uj* 
Letr Rtb^ 12, inocukted jntrapenwntaDy »(ih S e.c of 10 per tant etraiUioei of 
cx]:faesp 4 )( end bm fnan tbe dahth Kuawiaw pMve of El Hah RTvn terapm* 

tun rtm to IM F « tl» Kth day and tba rahba died * dayi Utcr 

On the other hand, other rabbita have erther ahovtn no thomal reaction 
or a tramitory n*e to IW F Biood removed on the lOth and I6lh daya ha* 
bowerer gtren n*c to reaeftoru when inocnlated imTapemoncilly m ginneapiffr 
Such rabbit* bare aubaequemly p cn poaurre Weil FcTi reacnom and nek 
etuiol agglutination, the tnrea rcaeb^ %lth epidemic autpcmiora being 
ccotiderably higher than with murfne atrun*. A number of rabbit* were 
inoculated i n tT a tracbtally with napenatoo* of infected guincapig rpleen and 
brain The tmal moculora waa Ice A me of temperature abor 104 F 
inrarubly occurred on the 5th or flth dar after noculatrai. On Idlmc tbe 
rabbrt* on tbe ftth or 9ih day pneurootuc paicbet acre preac m in the lung* 
and m dab preparationa miettitae could be detected after ■taoimg with 
Grenm a atam. 





L4m*anmy$ stnafsj Lma. Sttqjcd mooM. 

dtmfmit Ttntm. Brnih fit r i xl ttt, 
PrmoKm tuSbtrji Tboatt. Buah nc 
CT»t4|a« j>(rA D nJhrwn . Small donnouat. 


Thj«t^<k3cn»»»ofemfT«iamtthcp.»e* and •xm o£ the which tprm ad 

anaccptfbfc m thcao apecxnenta were caiffat a oett m n u tii m 

Lcmmaamrrt itnMtm la c nmm tjo m tbe aammah fofeat »tmI irraaa aiw arcaakl towru 
Up/mirmtyi hma tJenaar h^ifaat. P rmtmi yi taObfrfi Ihta to acemdafy foiaat. For 
the abm fafenmticai, aod for apt ex a m of Uwm nxfcnta, we ara fready todcbttd tn M 
O S CUKULE, of the Foreatjy Dtpannwatt. Gold Coaat. Tlarre an Ewny other wdd 
rodania in Wcat Africa. Wbedvr any of thnn arc naturally efecaed with «nhta tf 
AdkfCOla patbo(cfilc to rnan ii taah for further hn eatifatxn 

AJtfaniffa not natn of the Gold Coait, tfaa g o l de n ha u uta r CVrcatar euwrwf mi 
fotmd to harbour tha Joa straiu of /be Wrri a in Ita brain and iplem op re at leart 20 dayi 
after xUrtperliunaal injectran witli infected (utneapla aplren and brain. 


Ttfhtb Fm* m Kaouna. 

So far u the preaent epklemlc waa concerned, t appeared to be Dmited 
to the Baoch] PUteca. The folknncig occurrence at Kadiuu an gg eata, bovercr 
that thii nckettikl mfecdon ra more trfdefy drsuiboted m Northern Vtgtfa. 
InddentaDy it Qluttrxtei the difficulty In ar r t nng at a co rrec t diagnoara on 
chntcal gtooeds aJone. 


caaa ma i ear 

A nun^ efflear iL N afad 23 yasn, who waa Miriad in nuhtary hoapftal 
at ootad that en ^tfa Joly, 1^15 aba M mber cold and a tumy She «bd net 

report aidL Oa tfaa naii day iba M <1T eolMr but hi tha afternoon waabed bar brer 
Dome tU piuJ^n w ifaa notkad bard adhering to her acaip yret afaoee tba 

kft ear EfenadlT ahe aeparatad off tha hmp aul Jhui T wred that h waa anaQ kaaet 
tbm i fat feagrii, onl acal fWwrtwt in alrepa. brews k colour with dUua e atonhar 
The faacq ap pa ar e d to ba d iffi rea itk iad fciie head, thong and thdotnen It had u leg!* 
U nf oT OS MteJy aba did rex retahi ft. Tba arenc rmait riw maacri prefirwiy 

On 29th Joly lire felt Bttk better but wwa atS fer fnxn well. She emlJDiKd on Jury 
hiwcier ttD riw aieiuna of SOtfa /u)y wbm aho fell my fcreiMr, and notad rath. 
wTiiihrem to boaf^td dx wwa faurei to b« awralinf ptohaaly ttreperatnre. 103 F 
puke 111 teapfretxxta, 21 geoerwl cnodhim. ir^. aUghl wiffuajon of both a* 
Jonct^ S toorw coated but raokt face fluifcatl. « ith an ofa ku cnh. The dtaat. 
laidlo-Tiiailar aiatuu aixl abihw n rn ahowed no abejonsahry BP 110/75. On tba 
■dip was amah ulcer aboot 5 [m. tn diaiixtcr ritnated 2 Kichca abot the left ertcrnal 
■relOory ■i*' Tha ulcer was not tesadec, but the aUn o u nd j n n area wn reddeoed cod 
On tba 2rel day of boepftanratWi. Martjsb scab id] karoJa clean raw 
aurface wfaxh ixakd amrewhat ^wfy Tfaa WMcal tyroph nodaa cn tha left ttde ware 
enkrted but not tender iw other odaiwed lymph nodea were pteaem. The rash be»*a 
cm tire upper pret of the dteat. rxck aial (aca reid spread to the raat of tfaa trunk and to the 
SmVM fkiaOy hjiUi hn dw pakoi f tfaa hands and ade* of tha fret A first tha raafa 

at^xared re eCftkrt rnacido-frepuka, 2 to A mni. m dmiwtCT the centra of each papide 
appeared re ah«fatly baenwrrh^ spot tfart ernmJ poetjoo tended to desc[inerBtr 
leartat tmy siaom* peak scar As tbs t ampajas uia fell tbe rash deoeasad. but teas *tiB 
ditcernibk far nearly week afkr tha trenperanue was notmaL Thera was no reswhiaJ 
a.ir,^ of tbe «tTW Tba tpkes was pist palpafak on the Srd ds> after a dr atJw o n. 
There waa rearx Enmtal bewlaeha fex tfaa fim 3 dxra of tlhxre but no pen tn tbs eras, 
apart from si/dit pbocopboW tba e reymet nac were conneiied for the lx week Tba 
wi.i | .e i .>nTe frfl by twfe tix pufee rate cortewsosidMig with tfaa terppefauire tba teraparw 
tma waa on dx lOth dsr of aduussaj a to b o a pu s l prohiibir the 12tfa or 13th dar 
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Repeated examinations for malanal parasites were negative On 1st August, the 
3rd day after admission, the total R B C' cxiunt was 4,210,000 per c mm , Hb, 88 per cent , 
total leucocytes, 5,800 per c mm , polymorphonuclear leucocytes, 79 per cent , lympho- 
cytes, 15 5 per cent , mononuclears, 5 5 per cent On the 7th day after admission to 
hospi’tal the total leucocytes were 7,800 per c mm , polymorphonuclear leucocytes, 70 
per cent , lymphocytes, 25 per cent , mononuclears, 5 0 per cent Blood cultures vrere 
bactenologically sterile 

The patient made a rapid recovery For the above information we are 
greatly indebted to Capt J Denfield, R A M C 

Weil-Felix Protetis reactions were earned out as follows — 


2 8 45 

OXK 

1 in 80 

5 8 45 

0X2 

1 in 

80 


0X19 

1 in 20 

15 8 45 

OXK 

1 in 

80 


0X2 

1 m 40 


0X19 

1 m 

20 

5 8 45 

OXK 

1 in 80 


0X2 

1 m 

320 


0X19 

1 in 80 






Agglutination reactions with nckettsial suspensions were earned out with 
the same sera The two earlier sera gave no agglutmation but the last gave 
agglutination up to 1 in 100 with epidemic, 1 in 25 with munne, typhus 

As It was still thought that the case might be tick-borne infection, the last 
serum was sent to Major J Gear, S A A M C , at the South Afncan Institute 
for Medical Research, who earned out complement fixation tests with a number 
of different antigens as follows — 

Antigen End Titre Antigen End Titre 

Epidemic Strains Munne Strains 

“ Ettie ” S A epidemic 1 m 50 Rhodes S A munne 1 m 12 5 

Breinl 1 m 50 Mantzburg 1 m 12 5 

Madnd 1 m 50 Tick-home Strains 

Middle East 1 m 50 Backhouse S A tick-borne 1 in 12 5 

Amblyomma 1 m 12 5 

The higher titres with the epidemic strains suggest that the infecting 
strain was due to an epidemic strain of Rickettsia The patient had never been 
immunized agamst typhus 

On the 4th day after admission to hospital, probably the 6th or 7th day 
of disease, blood was injected intraperitoneally into guineapigs These showed 
a febrile reaction on the 6th and 7th days after injection and on the second 
passage the thermal reaction was accompamed by a pronounced haemorrhagic 
mvolvement of the tunica vaginalis The infection has been passaged fifteen 
times in guineapigs, the incubation period remaining very constant All male 
guineapigs, from the second to seventh passages, showed a scrotal reaction, 
but this tended to decrease m intensity and m later passages was not seen 
Gumeapigs which had recovered a month previously from infection with the 
Jos strain were immune to the Kaduna strain, and vice versa 

r 



3S0 rmnj* m Kturraow jnca!ai.\ 

There i$ imfortamtely do endeace t/ bow the pHieM beame Infected 
Kidunth 180 mile* by road from Jot. The pttfcm bid not been out of Kjdirtu 
for 2 rnomJa pifer to her {Hoeti and La iddhioii Jo* tad been out of boundi for 
•ocDC week! for the ramtuy There were no other toown atet of ncketulal 
Infectren eitbcr tmOD* patient* m the imbtiry boiprtil or wnoof the local arfl 
populiUoa. 

While the hittory of tn Intect bfte tnd the prtieoc e of a primii) eicbar 
tuggett a tick bertte Infection, the behavteur of the ttrun in gwneapig* at fint 
mggeata a aunjtt tnfecdoa on the other hand, the •eroJopcaJ reaction* are 
woghty endence for an cptdemic ttraln. 

DISCUSSION 

Stmna of nckettaiae which, from ibdr kolitjoa from the brain* U rau, 
their hehanour in gnmetptg*. and the aggltnliihu they produce in the »cr* 
of recorered patient* are undoabtedly of the marine type, art widely dotributed 
ID Wett Africa. In addition, there n eridmee to •uggeat that there exirt* a 
form of tick borne typbcit. So far howerer there la oo eridence eitbcr 
of the** type* occur* e ac e p t to tporadk fortn. 

Tbe pfr*efn ouibre*k oo the Bauchi Plateau b the fim recorded frons 
Weat Africa «befe ti^ettaiae bare beeo nolated fren lice and b aho the firct 
recorded eptdeouc of any rickecttial infectlnn. 

The e^enee that neletnnaciovolrtd were of the epidemic rather than 
of the mnrnie type, apart from tbe bolifion of nckrttiiae from Ike, t* der i ved 
from the following findmg* — 

(1) The type cf rcoctioo m gauioplfi. 

(2) The type of agglutinin* found m tbe (era of patient* and ammal* 

recorered ffom Infection. 

(3) The remit* of cooiplemem fixation te*ta 

(-1) The cymptoma cod pathology of the diacaae m mart 

AmcPowi ta Gttatttpifj At firat tbe appearance cf acrotal rcacuons in 
guineapiga aoggtfted infection wrtb a muruK type of nckettaia. The rton- 
p to gre aii TC acrotal oe d ema, ita dtaappearaoce efteo before the fall n temperature 
and It* increaaing ranty wrth continoed paaaage m gujneapig*, are afl in conUMt 
with the behanour of inie munne atraina boiated m ^\ eat Africa. In South 
Afnm, Ccjut (1945) inform* u* that he haa bolated numeroua atraim of epidemk 
nckettjuc which, when fim ptaaiged m guineapiga, produced an ttypioJ 
aerota] oedema bter thd te^cncy to prodoce orduti* dmppcartd. U b 
poaalhle that many true epidemic ttmna, when firat ao lat cd mio guiaeapiga, 
hare bebared in a rinntar manner ot *» in tbe c**e of the Ntcofle Tanu train, 
hare cootinueB to produce orehitk reaetjoo* m a ttnall percentage of male 
guincapiga (Zcxun and CAira^o®*, 1003). 

/IgjJirfiatftwa Riwcttom, There were occaitoniJ *era » hxh gave the utne 
end point with an*pen*»on* of monne and epidctruc ncketUiae and a cn few 
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which agglutinated murine more highly than epidermc nckettsiae The 
majority, however, gave higher titres with epidemic than with murine rickettsial 
suspensions Agglutmation with the sera of recovered rabbits and guineapigs 
also showed higher titres with epidemic than munne nckettsia 

Complement Fixation In the same way complement fixation uas m four 
of SIX cases more pronounced with epidemic than with murine antigens It 
would seem that epidemic and murine strains, while possessed of speeific 
antigens, also contain common group antigens 

Symptoms and Pathology Although many of the patients were aqibulant 
and far from ill, the majority showed broncho-pneumonic signs and mental 
torpor, often accompanied durmg convalescence with tremor and myocardial 
mvolvement Of the two cases coming to postmortem, one showed widespread 
mvolvement of the central nervous system, the other of the heart muscle 
Despite the fact that many mdd cases were probably never brought to light, 
a mortality of nineteen out of lunety-three cases is very high for murine infection 
even among a poverty-stricken population 

Finally, the scarcity of rats in Jos renders it far from easy to see how they 
could have been responsible for so considerable an epidermc The passage of the 
nckettsiae through Xenopsylla cheopu is not evidence that the nckettsiae are of 
murine type, for many observers have passaged epidemic nckettsiae through rat 
fleas In companson with lice, with which the Hausa swarmed, human fleas were 
rare , nor was there any evidence to mcriminate dogs and their ticks 

The evidence is thus all in favour of the view that the outbreak of typhus 
in Northern Nigeria was due to nckettsiae of the epidemic type This is in 
conformity with what has been found in South Africa, but m the Belgian Congo 
Van Hoof (1945) and others regard all outbreaks as due to nckettsiae of murine 
type. Serological investigations on the strains involved do not appear to have 
been canned out 

In West Afnca, as in South Africa, it thus seems probable that there are 
three types of nckettsial infection — munne, louse-borne and tick-borne The 
geographical distnbution and the exact behaviour of these infections m countries 
close to the Equator, require far more intensive investigation than they 
have yet received There is, however, evidence that louse-borne typhus is 
present m Northern Nigena 


CONCLUSIONS 

Dunng the Bauchi Plateau outbreak strains of nckettsiae were isolated 
from two of four batches of lice collected from infected compounds 
Rickettsiae were also isolated from the blood of nine Afncan patients m Jos 
and of one European at Kaduna, some ISO miles from Jos 

Strains passaged in guineapigs m their earlj stages gave rise to orchitic 
reactions in male guineapigs In later passages this power was lost 



352 


TVTao* » KOK T BlJ ei KCOIA 


Fttil re*uh» In gmnetpig* were not uacommon. Ridtcttmc were widelj 
dutributed in the blood pentonetl end pleurtl cuidao and unne of mfeaed 
guifwaplgi. 

Rjcketttbe could be derDOactrxted In Irrer apleen, booe a ur r o w hditej 
end lung by ttutable tuuniag znethod*. 

AU ctnmt of nckettctte hxm Votthem Ntgeni gave crota immutirty m 
juinopfgi they tba ihowed eroca immunity with a murine ttrain of ricietuiae 
laolited from rat bnuna tn Accra, Gold Coaat. 

Doga, rabbhi, arhite mice and wild West Afncan rodoua Cnertomn 
g^mitMiaa Lermitucomyt ftnrtia, LApitKromyi sStMtnta Pr«oa«yr tMUbtrji and 
Cltn^Bs tpv^ arcre tucceasfuQy fatfcctcd Tbe golden hamster Cncetut 
Mxrmtxt ana abo auaceptible. Aaiong monkeys bfeetkn am Inapparcot except 
in CtrwftlMtoa mtth^ ttmnJa 

Tbe nckettaiac were erpenmentally paaaagtd tbrough rat fleta XatoptvU* 
ch4opu but not through dog ticks Ab/aetpAabo jaa/anm 

Sera fnra patients and from experimentally infected rabbits and guinea 
pigs tboared agglotinatioa tn higher dihztlona with ^dcmlc than with monoe 
nckcxtxitl tuspenxiotu. Complement fixation testa with huimo seta froct Jos 
axad gjaigrta aboared greater reacnoaa anth epidemic than anth murine anligtsi. 

Tbe need for further inaei ti g i tion into the nckertiial infretioea preaent 
m \Ne*t Africa b atreoed. 
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TYPHUS IN NORTHERN NIGERIA 

III CLINICAL STUDIES 

BY 

T H L MONTGOMERY 
AND 

F H SUDDEN,* 

Colomal Medical Service 


In previous communications the epidemiology" of the outbreak of typhus 
on the Bauchi Plateau in Nigeria in 1945 has been desenbed (Montgomery 
and Budden, 1947 , m this number, page 327), and evidence has been brought 
foniard to show that the infection was caused by the nckettsiae of louse-bome 
typhus (Findlay and Elmes, 1947 , in this number, page 339) 

Since epidemic typhus in natives of West Africa has not been previously 
reported, a brief account is given of the mam clinical findings in this epidemic, 
the data being based on fifty-three cases which were confirmed by Weil-Felix 
agglutinations at titres aboie 1 100 The remainder of the patients were 
admitted at a late stage of the disease when they Mere irrational and no reliable 
statements could be obtained 

Clinical History Patients were generally admitted between the 4th and 
10th days of illness, and if still rational gave a history of sudden onset (they 
Ind been working the preiious day) with frontal headache, pain behind the 
eyes, and fever This was usually followed bi pains in the limbs and back 

* Our thanks arc due to Dr J W P Harkness, Director of Medital Scnces Nigeria, 
for permission to publish this paper, to Dr B G T Elmes Assistant Director of 
Lnboraton Scmccs for details of the histological findings, and to Dr Hollins and Dr 
Underwood for examining cerebrospinal fluids 
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typhp* Dt Ko t iam i xicaiA 


P*m TU often loolued to tE« [*rge jointi (knee, tnklei, thoulder*, dbowt 
cLod wmtt) 

Sj'KptMi In addition to the pum, they complained of drjncM of the 
rnooth tnd thnat (except ia the tew pxtkiita trho thawed acextive txJrrxtKm), 
and, in loorc terere c**e*, of torenen at thoe artca, Coujth n« a common 
tyroptom, tmuUy co m i p e ncin g tboot the 3n3 or ^th day of the iUneaa. Bond 
•ymptom* or romiung were nerer complaraed of although on tflrect quatkanug 
fwmd that connlpaiion occtatonaOj occurred daring the fim few daya. 
\ anoua nervewa ayinpiomi were complau^ of mco-crdination, deafntti, etc. 

Count The temperature wai unialty maintained between ICG^ and 105 F 
unffl about the 9lh day when it began to fall by lyait. TTic lyala wta gradual 
tnd a normal temperature wm reached oo the 8th lo 14th day (amtge 12ih 
day). Proct ration and mental deprcaaioa appeared early but tend^ to locrctse 
nbOat the ferer perateted. Other ngna ^ encepbaliM appeared during the 
period of maxima} ferer bm became more marked danog lyata. Ia thoae padenta 
who later re co T cr rd improrcmem waa ootedthe day a/ta’ temperature reached 
normal. The mental atate tmprored rapidly ahboujh tremor jnco-ordinatloo 
and ptfreau often peraiated or incretaed. Tbeac nerroua ligia b^tw to decrease 
during the lat week after lytu and thereafter conraleacence waa rapid. 

Stint~ Toxaeom and prottratkm were marked dumg the eaHy (tagt* of 
fe%er hot eneephahti* derdoped rapidly and dotninated tbe dhu^ pksirre 
\ charteterstic faciea vaa tluKat umrcraal, bloated and crprcaaionlcM with 
mouth ajar injected cotqunetirae and ptoaii. Paiienta were often unable to 
rwaCow food cad in aerere otaea dehydratloa and wiadog kd to a xmken ftoet 
and concare abdomen. Hiatorie* could generally only be rhcrted with difficuhy 
The patient waa lethargic or atuporooa and oectMonaBy deaf Moreover the 
^>eecb wu often mco-ordnuied and na clarity farther im pa ir ed by Uryngitn. 
Patienti w tb aercre oerrona mamfeatatloas fmnd comiderabte difficulty in 
protruding the tongue. They would open iheu tremoloua llpa make more 
menu from wle to aide with their tonguea, and then with obnout difficuhj 
bring a hand to tbe mouth, otwhoot the mark, and finally try to pull 

the tongue out with iheir fingera. 

CLtxiCAL pJCTWia Cf Dctah.. 

Cv£»-^*ocrLtT .Syrtm. The fall ui temperature «#a not accompaaied by 
a corrapondmg fall in pnlae. A high pube-rsXe often peramed for aomc dajx 
Tbia wta capeaally marked In teal caaea. but in one patient, who Ulcr recovered, 
a rat ag polar of 132 wia preaent 10 daya after temper a ture returned to normal 
\iitaed beats were not uncommon. No dOatioo of the heart or aboonnality 
of aounda could be deroonstraled duncally It wia not poaiiWe to record 
blood preaaorea. 

RnptrMorf Spum. Inflammatory changes ia tbe upper reapoatoty 
mucou were comniocL A deep red injection of faucet and mouth appeared 
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early and \\as usually accompanied by an irritant non-productive cough and a 
hoarseness of \ oice due to larjmgitis Respiration rates were commonly raised out 
of proportion to the temperature and without any physical signs in the chest 
Inco-ordmation of respiration occurred in some of the patients with severe 
nciA’ous involvement Bronchitis was a common complication tow'ards the end 
of the fc\er, sputum w'as copious and w'atery, and moist crepitations were 
scattered over both lung fields In one patient there were signs of consolidation 
confined to the left lower lobe These appeared during Ivsis and resolved rapidly 
without administration of sulphonamides 

Alimentary System The lips were dry, cracked and covered with sordcs 
The tongue was characteristic, coated with a thick central road of fur The 
colour was white, brown or, m the most severe eases, a dirty black Usually 
the tongue and mouth were evtremely dry' on admission but salivation returned 
rapidly at the commencement of lysis and was often evcessive at this stage 
Ulceration of the buccal mucosa occurred in two patients and a frank parotitis 
complicated a third , this resolved without specific treatment Owing to inco- 
ordination of deglutition and soreness of the mouth and throat it was difficult 
to maintain nutrition dunng the acute stage 

Jaundice occurred in five patients (9 per cent ) 

Rena! Systan Mbuminuna w'as present in ev'ery' patient on admission, 
and casts were present in all but two patients These signs cleared up spontane- 
ously later 

Spleen This w as enlarged in tw enty-four patients (46 per cent ) Although 
this rate is above normal, it is of no diagnostic value in a malanous region 

Caitral Vernons System Mental state This varied considerably, but 
some mental impairment was present in all but four cases (8 per cent) In 
severe cases the depression progressed from apathy through lethargy and 
stupor to coma and death, but in the less severe cases did not progress beyond 
one of the earlier stages The maMmal degree of mental involvement reached 
was coma in nine cases (17 per cent ), Icthargv, seventeen cases (32 per cent ), 
apatlw , fiv e cases (M per cent ) 

Leihargv was the commonest finding on adrmssion The patient lav' 
immobile and evprcssionlcss and appeared to take no interest in his surroundings 
When a question was asked or an order given the replv or reaction, if any, 
was unsatisfactorv Bersistcnt questioning in a loud deliberate voice was 
rewarded with i satisfaetorv afisvvcr, given in a slow expressionless voice 
Memorv md orientation were normal Instructions (eg, puiting out tongue), 
if repeated nr demonstr ited, were eventually earned out, but slowR and with 
scemini: e.ion T Ik toncuc, once proirutlcd would be left out indcfinitclv 
until fiinher instructions were given In the stuporous patients the picture 
was siniilar but thev were dis-oricntated as to time and place Instructions 
Were no alvvavs understood This stage merged into coma none of the nine 
patients developing coma rccovereHi 
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TYTHUS Dl XQ«THZ» JOCtlU 


Dtliniiin »»» leM common than attipor and w« uauillj tratmcni TTw 
patient* were aoiDetimea YvJert and •ometuw* in i “ lo» raimcnn{{ *utc. 
The aente ouionk thown by one patknt only bated 2 dan. The appearance 
clijiical The pitJcrt recce rred. 

Imvobatury Monmenu Only 18 per cent.) of the paUenU did not 
derekpp involuntary movementa. The cnunoccst wai tremor in twenty-aeren 
caae* (51 per cent.) fim notjoed aa a fine tremor of the protroded toojeue 
Later tremor appeared round the mouth and m the outatretched Lew 

commonly the lega were inrolreil In nwre than halftbecaaea the trenor became 
coirae. Tremor became more marked on Intention pointing teat) and »aa 
ocr acconipaiued by rigidity Well marked chot^eifonn morcmeiitB were preaent 
in an caaea (] 1 per cent), they inrolred the aame aftea a* the tremor Atbetoait 
occurred in two caaca (4 per cent) one died. FibriHary tremor of inn and leg 
muadca wn often Dotked daring rn.iAPy of acve r c caaea. 

/tco-erfuutKiR era denKroitmed m all tboae paticnta (68 per cent) who 
developed btvoluntary reovementa. It appeared at t))e aarae time and ran a 
parallel courae, although a geaeriQj perufted rather longer tVxri the Inroloiitaiy 
roovetDcnta, Tip of finger to noae pointing teat waa maemme aometioea 
groaaly ao, btrt vu not made worae by doamg the cyea. Rapid ahemite pro- 
Batien and aupmation of both forcarma could oot be perf earn e d (adiadoko* 
khteata). If the pauenl vta able to atand nah feet together and eyca ahot, 
wyi n g art* obrkiua. Gait was unsteady tod on • wide base dunug the early 
ttagea of aatralesccsvM. Poaition aensc wta, ho w e v er nemaiv pauoits 
were able to teO whetbrr (Oe or finger yointa were flexed or canended 

Alittcular power wai oot dnnfaiJahcd. There waa nn aheratton m tone. 
Nyatagmoa waa only aeco in two pabenta (if occurred to both atdea in tbe 
honxamal pbneX 

Rtfitxfi wrre aboonni] in forty two caaea (79 per cent ) They were 
oauaDy dmnniahcd dimng the pyrexial atagt but became bnak toon after tem- 
perature fcD to nomal The aboon na lity wu more marked in the arm jerka 
than in the lega (correapooding with the diatiibutioii of rnanmum tremor). 
The mcreated ankle jeria were often accfflnpamed by ckmu*. It w ta not alw ay* 
pof^lc to obtain a plantar reflex ow ing to tbe thickened aolea of the feet. 
Abdominal and plantar reflexea were abaent m coma. l\rth these exctpricn* 
the aoperfioal reflexea were DorauL BaWmki a aign waa nmer encoontc^ 
SpaA. Sluned monotoooua apcccb wia tbe rule. In aoroe of tbe more 
acrcrc ca*ea apeech became crpkmre and traniitocy tphaaia de^rloped in two 
caaea (4 per cent-). Transitory deafness devdoping early m the pyreria, and, 
bating on an amt g e 7 dayt, occtrrrrd m four paticnta (8 per cent.). In tbe 
moat a er cr e caaea rt waa complete. 

F^ncl Palsr UniUlcral faaal pal^ occurml in fire patiema (9 per cent-). 
lu onset wM ddayed tmt3 after tbe pyrtxa and a remained m evidence for 
about a week. It was only partial and waa moat marked around the mouth 
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TTPOr* W KtMI HgJ O in rjrmu 


■».»43(J^d*T^ Temp. W?* Rapo*, 20 Faciti oo bn, 

^ mtaoT cround nmitb «nd of upper |*oU. ThTS 
tfpperfimf* rT wmtj I* WA 
^rtnd bo(h rida. Lower Eml* , iij »d A. J 2?^ 
p«^ but not a weB meried « prrjrwoWy Fonticn arw 
P«jem bm t«« » aOttr onMndr P»t>bAty owl» to drbOitr 

tn DO other eijtne of iBa>-anJii*£43*i. ^ 

8^ 45 (Iltt dey) : Tran* it now ceiW pnant croood mouih wtd it rerr &* 

D .j.ff^t Compiady ncumvi/ K CJ^S. e^m. Mealalfy 

13^43 dm) Follow up eondnaJon. S-T* be it raw bwA « U* oid wod. 

^ aT*b* it before thtllinicttwdlmaonTiiptnm 

C-NA, fLM.eL 


MAaiQA. Fcmtle, tged nbcnrt 33 ytim A typktl one of iwe typt. 
AduuMlWi, 9 7 45. Sbt ha betn £D 7 dsyt wkh fertr inteitie frontnl hodnebe, 
punt m the bimhtr region tnd ptlaa la tbe lanbs. 

Qinkal findnitt on •dsdiucn — 

^**°P Itt2< Poltt, 140 Retpcct., SL Klarfad proKraJra. LetbajK mdrr 
«*>m qtiettknt, tad ■twweit fn taonouAOut rnfan when tbty tn rtpctnd. Ftoa t 
tBgfitty Wotted, menobile. ptotW. CraM^thta in|)cettd but tta Tonfu* dry 

with txQtnl trad of tiod brown Nontth. Sp)M rat enltnM. Cheat, njuL Ifeaxt, 
B.a^ C.KA N tmnjt powtr ad ton* aoerntL AD refltx ^ni* brok, etpwbDy 
hkeptirtnqtttttofietU. Retpottte etjuUon both wde*. AbdctuBiJ rrflem tD pracat. 
BSftenl fiexer ptmat l etp mit e 



10 7 45 Una* hem-y prrcipttttc of albumin on bcabop tmilar caatt. 5VT 
i<:i fa tm ttj ra AA, I » A/ J 23 JTJf 1 -tof 

1X7 45 Tmp. lOI'^C- Pahr 1X2 Reipna 3^ Mental ccoditton d e ttn g r ttj on 
Pvow amporoui Patient doe* not tnt mr r q o aai j aM, altfaoufh the appear* to hm rafo 


mu u 
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idea of what is being said and occasionally nods head in reply She put out her tongue 
-\ery slowly after having been asked three times m a loud voice We had some difficulty 
in persuading her to put it back again Not taking food except little fluid by mouth 

17 7 45 (15th day of illness) Temp , 96 6° Pulse, 96 Respns , 30 Temperature 
has been falling by Ij'sis and reached normal yesterday Low muttermg delirium 
Eves and cheeks sunken. Fine tremor of upper limbs 

19 7 45 Now semi-comatose Tremor of head and upper hmbs very coarse 
23 7 45 Deeply comatose No involuntary movements now 
25 7 45 Died m coma 

Shaibu Male, aged about 47 years Typical mild case Admissions 
30 8 45 Says that he has been ill 4 days with fever, frontal headache and pain, 
all over He has had a sore mouth for 2 days No cough 
Clinical findings on admission — 

Temp , 103° Pulse, 120 Respns , 30 Face expressionless Tongue dry, dirty 
white fur Lethargic , answers questions quite rationally, but is rather slow and some- 
times appears to take no notice until question is repeated Spleen not enlarged C N S 
Reflexes, power and tone all normal No mvoluntary movements 

31 S 45 (5th day) Unne, albumin No casts seen WF agglutmation tests XK,—ve, 
X2, 1 50, X19, 1 200 

4 9 45 (9th day) Little change m mental condition, but has had increasing deafoess 
since admission Can now onlv hear a loud deliberate voice, otherwise no C N S lesion 
discotered Temperature had been falling by lysis, and reached normal on the evening 
of 4 9 45 



1-43 (llth dat of illness) Temperature has been subnormal for 2 days Toncue 
mois Md onl> sliglu fur Now mcrch drowst Sbght tremor of upper hmbs and of 
jerks bnsk in upper and lower limbs Abdominal reflexes all 
Pilatcral flexor plantar response Finger to nose pointing test oiershoots the 

of finEeS and'’t^ accrete inco-ord.nated Position sense m joints 
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TTfgxjt a Kmthua tncau 


1^45 (1^ d«y of mam) No tmnor no* Hctroif oomul >!rta»Ih- 

*fl«t7bmk oo b«n MdM. Lmcr Inte—tmcoM b nonMl on boA t*dM Ab(V>> 
mml Ttfloa ootaml Ptom reiptm^ Sew Polamt w tow •ccurmte end t*rt 
DQCtnjL ^ 

15^ 45 (pOtfa d«y of fllnm) Reflex jeria ttffl bei*k to iipj>«T hcxbe, but no other 
•ooarmxlity diKcnital Foe dbcKcrfx lo m of t u w 


SPECIAL im'ESTIGATlONS 

L«BortioTy unttisf^twiu hire b«n reported In a aepante p*per by FctolaT 
nd Eluh (1&47 ht tbH Qumber page Q39 ) 

CtTtimpttul Find. Foortecn lumbar ptmeture fiuids nert collected from 
a cootecuthr acnca of pauenu donog the penod of temperature lyaia. Two 
of the floida iboved xantbodiramia, but m the rest Uk fluid was r-Wr la one 
patient, Muaa, njcntioned abore, the ccD count wm 420 per cmra. (moatly 
lymphocytet). In the remaining patie nu tbe count eaned between 4 and 102 
ceUa per c.mm. (avewgc 33). Lymphocytea ahraya predomhined but a few 
polymorphs were also seen. 

The total protein was usually raised and earied be t wee n 21 and 102 mg 
per cent. (tTemgc ® rag per cent.). Tbe proton Icrtl did not appear to be 
r^ed to tbe etii count. Unfortunately owmg to bek of bboratory facilitKa, 
no other loreaxigitioQi could be made. 

Difffmtial UTbJ4 CeO Cevats. Tbeae were done on a aerie* of four 
otkly In one of them, Rakiya. a high polymorph leitcocrtoats *m 
preaeiU wlu^ waa precoraed to be doc to an acutely Inflamed septic guioen- 
wocm nicer cotnplicating tbe picture. In two of the paiienta the total and 
differential courtfa were within Dermal Unuts and in the remain nc patient 
there was a leueocytoaia of 15330 whb 56 per cent, pcdyrnoipbi and 4J> per 
cent, lympbocytea. 


Pomtoaro* 

Thia vm refuaed m all but two casea. 

\\c arc indebted to Dr Howajid Medical Officer joa \fncan lloapilal, 
for tbe fitidiaga on tbe firat case. 

G^ere Gombe. pauper aged 16. admitted from Jo* nuriet on 13 4 45 
compUining of cough, ferer general pain* in limb* and body 

Thcf» wm km with rndta* «Utnuin. ownaiyMn nl h«d mraction, ootamous 
0d ■tbrtcwl ip«wn of dw onwr baib* There »si try r^rrf rxiw and 
tfam. Totmiw foiled, •tatonwi retracted. if4e«J paipeiJe Knee jerU aOwnt CSF 
fcar wnJ under BO prewirtt 50 }raxphae 7 U* fwr cjtn^ V>/»*l5 Attwmflujsa. T»h>* 
w ' aap e mrortrat t«»mi 101 and JraT Dwruowi of ewxphalm* Coma and de*ih 
OB 184 45 UterX\efl-F Bi W®bitiB*t»on»a* reported n I W ifflnnR 0\/» 

At itopar tfac bren wa» haemonfaatw «ad Wwed luwo fnocaflr foQ <jf rwaid eC*. 
l - oi v anu far mlDiratioci, tMmiorrbacei wad o«tt» <*n d«TTTW7»tx»» 

2. Fort laray Tbb patrertf a pauper was admitted in coma lie was 
aatd to bare been Qi 5 daya. 
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Serum collected on the day of adrmssion showed Wed-Fehx agglutinations of XK, 
1 25 , X2, 1 400 , and X19 ml The patient died the same mght 

External appearances Male subject about 30 years old, with bloated facies and slight 
icterus of conjunct!! ae No rash seen 

Macroscoptcal findings 

Heart Normal size and appearance, but petechial haemorrhages on mtraventncular 
septum 

Trachea The mucosa was injected 

Lungs No free fluid in pleural cavities The pleural surfaces at the base of the 
left lung were firmly adherent as a result of an old pleural lesion Both lungs were con- 
gested With blood and an excess of watery fluid could be squeezed out from both bases 
There was no pus There were numerous petechial and some ecchymotic haemorrhages 
of the pleural surfa^ of both lungs 

Alimentary system 

Tongue m as thickly coated with a brownish fur No abnormality could be found in 
the oesophagus or in the rest of the alimentary tract 

Liver This nas normal irusize but had the appearance of cloudy swellmg on section 

Spleen This was enlarged about twice the normal size, was congested (and soft) 
No haemorrhages were seen 

Kidneys Both appeared normal 

Brain Appeared congested and oedematous No petechial haemorrhages of bram 
or meninges were seen 


Histology 

Lungs Haemorrhagic bronchopneumoma 

Heart Cloudy swelling of die myocardnim and artenohtis, with penvascular 
infiltration 

Brain Engorgement of small vessels No penvascular or focal infiltration. No 
nckettsiae vrere found in Giemsa stamed sections 

Treatment 

Complete rest, maintenance of nutrition, symptomatic treatment and treat- 
ment of concurrent diseases was earned out as far as possible with the facilities 
available in an isolation centre 

Para-ammobenzoic acid was given to a series of six cases All recovered, 
but the series was too small to be of significance An mitial dose of 6 grammes 
by mouth was followed by 2 grammes 2-hourly till the temperature had fallen 
t6 normal The powder was kindly supphed by Brigadier Findlay 

MORTALITY 

Of the total climcal cases discovered, thirty-two (25 per cent ) died Death 
occurred at any stag^ of the illness from the 5th to 27th day The temperature 
always became subnormal before death 

PROGNOSIS 

Patients who faded to rally after the temperature reached normal had a 
very bad prognosis All patients developing coma eventually died In those 



TTTmm C» CTTHU* 




ICO* F «>d f t mille d taarfr thnMfhmittbc iltnm On 7th Sc p tt ia bcT ki the 
fiDilM no ■mehJTttfcn. the Mjem decided to coeoe dcnra to Nieirt*. When tb* writer 
ww him tempetwitre wm loj* F md the piibo-me UO He»l*ch* far ifu» tkiw wo 
Te »7 M>eTC acd hBtractjbk wkb avg m u aa at oajuft.tj i —' TImo wt* proocMimi 
dcptw*i^ l mi.Mi a tk, epiKuk Knd dry oMjgh. The pmwot pr e o aieil a wcO amin] 
deune of tnxaenn* bot hi» mm l a ] cooditkei rejmncd Cnriy normiJ d if o ufh oat the |TW». 
withcot CUT defiihim. He e aa w md q u e ti ooa whh hidi^ In tlK dM then «m 
•jgog of difl'jw bftmthilk. The bemn Mundi wen fectde fatjt no bftrftt wtn heard. 
oi*>* e n ott favr d trace* ef aCHmnn. \o epJenmietalr or b*fttoaxft»iT "era fonni On 
the lower lip then arm ekuBhint oker A *p«n* macukr nah, cootprlefaif four or fin 
•pot* CO the •hdocnan. wm aeeiL 

DornMC the next 3 dtyi the rath, nwfadr piaaent on the »tnti»i^ elao imohred the 
whole trunk and hmba, keAtrtffty tha aoira, pakoa and the Cam. 'iSe nih wa* now 
macido-peiwlaf orlteiaDj' of red colour dunged id cUrkb!oJ»b-mi,noe dJaappearte* 
on preaattr*. dome apext were nry raued, aonbijr on the wri*^ fiojar * and ttix, whOr 
othm « the tokca, pahoi and Imdw conaistad ratface f purpuric peldre*. On lOtb 
Setxatober tba mh bcftm to fada and on Iltfa BepwnheT then wi* only apparent faint 
cabeubcttlcr r uo tt ll a g whreh Intcd for bout (1 dan. Durios t^ foQow^ dan tha 
lenera] cootOtfcet rt nida e d tmdanytL 'Hm temperature waa adS 203* P the p ul aan m 
120 the hawlacha add aerate «d Intractable truraurua and cpittasM frcnnued. On 
19th Beptamber there wu ahKht hnptmetamt, and next da; the tempeneur* breana 
ooemaZ. The petietrt had a npld eooeal eaeen ce 


LAIKMlATOItT DtVlfTIOATKXa. 

BJood tuhure oa lOth Septnaber mnawed MttrOe. 

So nulirii fkimce* acre found m blood-tBdn. 

WMa] retenoa n«^D e ea two occmou. 

^ aVFelix rwtwo Preicw XI f 

On 10th September I 120 

Oo 12th Septeetber 1 500. 

On 17lh September I 1.250 

The X-ny of tbc cbeic ihowcd a ctropletely normal chew Srn. 

OntMXjerajtT 

The diDkal jacturc and the tWng time o< the \Vdl-Fel« tnt had kft no 
doubt that the a»c was tftc of the lyphm group The djagrtowa of thla ca«c 
ts coc of the t 7 i*u» gnnjp appear* to be btwus m retrcHpea but It wa* 
difficult at tbc drae as no other caw* of iTphii* woe pirwm in the Cokmj 
The coQthmed pyrexia, with epiraAi* and the »parK rash, although no* typwwl 
at the bcglmung led one to nuperr tyjrfioid fertr 

The nckctmal agglucittattoQ and coropletncot fitahno im the mart rrhaWe 
mcibod for differential tfiagmm f tbc rvphua group f fe^ n. were not arail 
able But the fact that the «sh in oired the vifct. falm and face aod wa 
dl tinctlr rawed or certain pan of the hodr together with (be abwno* of 
roentil dhrurbaocev and crpenallr the petwertce f a pnmarr idcrr led to 
the diagoewt* of ftirre bootoUDcuae Rfi faerp/wf un^mnens the common 
rector m this type ftrphu W found on prarucmllT c\ err dog in Cyprus 



365 


Transactions of the Royal Society of 
Tropical Medicine and Hygiene 
Vol 41 No 3 December, 1948 
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BY 

M J MACKERRAS, Major, A A.M C , 
and 

Q N ERCOLE, Lieut, AAMC 
{From theLHQ Medical Research Unit, Cains, Australia) 


[ —THE ACTION OF PALUDRINE ON PLASMODIUM VIVAX 
1 Effects Observed on Trophozoites 
In blood films taken from pauents before they received any therapy, it 
was observed that the nucleus of the full grown trophozoite divided first mto 
two sharply defined masses, which usually moved well apart, before dividmg 
repeatedly until a total of from eight to twenty-six discrete daughter nuclei 
were formed It was not until nuclear divisions had proceeded considerably 
that the small particles of pigment began to coalesce, and it was only when 
actual merozoite formation was occurrmg that they became aggregated mto 
the large, rounded central mass so charactenstic of the mature schizont or 
rosette 

In contrast to the above senes of changes, vanous abnormahties were noted 
when paludnne was given These were observed m blood films taken at 
2 or 4-hourly interv als from two patients, and m films taken at longer mtervals 
from several other patients 

The results of the observations on one patient are given in some detail, 
as they are typical of what was observed m aU In this patient, Bas , two 

* The observations recorded here were made while the authors were members of the 
L H Q Medical Research Unit, Caims, Queensland, and have been briefly reported by 
Fairley et al (1946a, 1946b) The work was earned out m 1945—46 at the same time as 
Capt R H Black’s in vitro experiments on the effect of paludnne on Flasmodiiim falci- 
parum (Black, 1946) Our thanks are due to Bng N Hamilton Fairley , Director of 
Medicine, A M F , for permission to pubhsh, m its present form , and to the C O of the 
Unit, Lt -Col C R Bickerton Blackburn, for his stimulatmg cnticism 

G 
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fAlWnaSl AlfD JiMAXlAL p-uusnu 


prtwp* of pai**ite» mere prwon before ummoit began, ooc rnmp coo- 
ing mainly of ytwng amoeboid*, and the other of troph^tw and 
The fate of each poop waa foihmd through untfl they diappared 
Paradte cwmft Hrre made at 2-hour)y Jtnteirafa for the fim 2 dayi. and mb- 
anjuently at looger interrali. They abemtd a Wtadr but jJoir dedine For 
the lake of brerity only the &bouriy coontf far the ^ 3 day* and P-hourfy 
coimti for the next 4 day* arc thoim la Table I Normal pmetocyto were 
rtoogniablc OD the 6th daT of ihempy oo the 7th and &h dap only abnormal 
foTim »hlch mere probably dutDtrgnriog gametocyte* were Kcn, As it «a* 
Impowibte to identify wnh certainty aB the fomu teen, they are indoded 
under total paradta bi TaWe I No chaagw were »een »hkh awJd he 

T«au L 

p*aum cftsm t mutu* ouaiw t* Ae^irtaTa. no** ot ruxt*r^ 
jmaBfT — Su. 








^ <■ 

t > y 


/* frt#T TMormpxTU o vntxmn rmtyt ^ nrvr B 4 * « w uxo«i r ttoji 
( ) L* 7 V« ovpbotntt 4 bouff mhrr bmnmoc ihmpr 
(i) EcHr tcbitcin 4 houTt ■fifTbctn no wm thrrvpr 
( ) tTQDhaiDcu All hour* arrrr ti «» inm i g thcrt^ 

(jy Sduiont in hour* ahfr b« >min # thcTlp^ 

( ) bchoont A houn sftrr Ixmio w m th•.r•p^ 

(/) Schiront tO tnun tftrr bornoov t}icTap\ 

Cr) Scbnoni II houn afttr bnr«ut«>t d»ra^ 

(i) S t -fag oni 12 htoun aftrr bec*«unx thenp> 

(j) SchxEont m bomr tflrr tKMuunc thtr >p> 

( X (b) tf>d ( ) TTprrteBt tb« fncusnon drv ioftnrnt ttm n dwar panvta )ucb 
»riT youne ■TTMcboxli abcn ther ap y bacu 

(in — 01 rrprrMTit tSe chinjrn undcnone by tftoae pamite* aiucft mrr« prr- 
•ihmeti j(vl ■duxmti «bcQ thcra^ bcean. 
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Counts of mirorc male gimctocytei. which cm be recognlicd with ero- 
kldcrablc ccmunty in thkk filmt are more reliable th«Ti total counit, rfnce the 
rc'^mbiance of huge otjphoKatea to female gametocyte* ts confuting In 
Tabic n the mak gtroctocyte coimti from three patient! on peJudnoe therapy 
are »et out. 
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(4) E^nOIVTTT 

Id mtaqintoa fed on gum i ocy t e camen after a tingle dewe of 015 
gr»mm« or 02 gramme exSajeDaocn. fmillzaDcc and imnladefonaatk® 
occurred noimaHy The tennicule! pcotiiaml the pit inll and enepted. 
With one exception <kvelopmcDt In erny batch of mo^qmtoe* waj arroted 
at thli pCDit, arwl ”* weeka after feeding, when the cyrti ahould bare been 
mafnre. all char could he found in the got wall were nzull fbnznlen cy«! 
contammg a few dump! of pigment In the eaccptkm referred to, mo«qintoc< 
were fed on Ster 4J boon after hw fim doac In about 50 per cent of tbow: 
dujccicd aomc ept* bad grown a Imle. the two Uig« acen meatnrlng 
3S 25 and 22 20 {}f approximaielv half-grown). No further growth 

rook the cyro tJtimarely became ahrunken, and loroe bccnme dunolieiL 
No ip uiuzia tc! were formed. 

In moaqaitoei fed on the Ind day of thcrapr detrioproent occurred nor 
maDy up to the cntucoie ttage. but pcnctnition of the gut wafl and formanon 
f oScym wa» oWrred only once. Here again no ipoTOZoitr< were fonned. 

EliflageDaDcn and fcrtUlzauon were olaened In gut ftnearr from 
mcwqultoci fed on three poenu on the 3rd dar and in one paiteut on the 
4th day of therapy but Tenrucnle* were nc* detected and n erm appeared 
in the gut walL 

The revolt! of feeding mowjuitoea on pnena with paludrinc m the blood 
Mt eam arc •et our in Table IIL 
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II THE ACTION OF PALUDRINE ON PLAS\fODWM FALCWARV\f 
GA^^E^OCYTES. 

I Eitxctb on Gaaoliixiiu Auxadt Paxaent w thx Blood. 

PaJudrme (0 1 or 0'3 giAmme when gtmetocj tct were alre>d]r 

pToent m tbt blood had no effect upon their numben or morphokijy On 
the Ih day^ of therapy they behared Domuny In the mosquito, erflajdlanon 
ind fcrtiHziilon oenmed. Vcrmicnlr* were funned which were able to pene 
irate the gut will and form cy«A Theac cyro hcFWcrer nerer grew and 
gradually ihri cHed and diaappeaitd or acre irpreaentcd by amall chidniad 
■pota. Complete tterilmtlon of the Infccdoo ommed In moaqultoo fed 
1 hour after taking the fint doae of Ol gramme paliidnoe (Table IV). 

On the lod day of therapy the gamaocyiea knt tbcir power of dcTdop- 
ment ro the cytt atage. Thh ktaa waa evidently not due to any irTCT O i I we 

Taw* IV 
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rALCDftCtE An> UALABLU. rAKAtmx 


The rite of recovery of lufectmty caned with the amoont of ftafudrinc 
gi cn the rmaJlcr the doage the more npld the return to full tnfccthlry 
There wii ratne biotogic*] erhfcoce that i unglc doK of 0 I gramme ntt 
completdy eUmlniJed In 4 dayi (pcwnbly esiHex). and h wa certainly 
eCimnated in 6 dayi When bowrrer tbe dme of 0 1 graioiDe »a# repeated 
three tuno In 1 day there «ai endcoac that ruffiejent pertmed to prerent 
coropfete deedopment on the 7th day and poaaiWy alao on the &th and 9th 
dayi. bm bad ti^f^ieurd by the lOih day (See Table VL) 


T«au VL 

wrecTTrmr oa f ciwciucrm A>ruaiM> r< raa ciacri>Tw>« it-riB tw 

aOUMtlBATtOH or a-l « •-] CMA^Wt palcmdo. 
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2 * Effect on Gametoctte PRODUcnoN 
.Gametocyte producuon was apparentdy not checked by paludrme, unless 
It was given very early in the attack, presumably before gajnetogeny had 
begun The duration and height of the gametocyte wave could be correlated 
with the duration and height of the precedmg trophozoite wave, in the same 
way that these waves can be correlated when atebnn is used to control the 
clinical attack The gametocyte wave conformed to the normal type in all 
cases studied (see Graph) 



Graph Trophozoite and gametocyte waves m patient Ken with sporozoite-mduced 
falciparum malana, treated with paludrme 0 3 gramme daily from the 13th to the 26th day 
Trophozoites, contmuous hne , gametocytes, broken line , arrows mdicate times when 
mosquitoes were apphed. No infection was obtamed in any of them 


3 The Effect on the Parasites of Paludrine Ingested by Infected 

Mosquitoes 

An expenment was carried out to test the effect on subsequent infection 
of mtroduang paludrme along with infective gametocytes into the mosquitoes’ 
stomachs Mosquitoes were allowed to engorge partially on a patient who had 
no parasites m tlie blood and who was takmg 1 0 gramme paludrme daily 
Each mosqmto was transferred to, and allowed to complete its fieedmg on, a 
patient with gametocytes in the blood A control batch of mosquitoes was fed 
only on the second pauent Cysts in the control batch of mosqmtoes grew 
normally and a heavy gland infection occurred In the test senes, cysts formed, 
but died without grmvmg and no sporozoites were ever detected The average 
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The rate of rtcoTcry of mfecuiitj raiied with the unoinit of paludrim 
given, the wnilicr the douge the masr rapid the rtturn to fall mfecri ity 
There w»v wwnc bwilogk*! erldence dm a nngW dare of 0 I gramme 
cocnplctdj cluninaicd In 4 day* (pootblj carDci), and it wa cmamly 
eDmiiutcd In 6 daya. Wben. howrter the do^ of 0 1 grainnie viaa repeated 
three umo in i day there waa cniicoec that nifBcient peraroed to pmenc 
coanpietc derejopment on the 7ih day and poadbly alao on the 8th and 9ih 
daya, ban had dtoppeared by the lOih day (See Table VL) 


Taata VL 

or P uwfTOcrm Arruarvo w raf ctacruTuya Arm tw* 

AtrvtxwTa. T*m Of a I <■ « 3 rALeearaa. 
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2 Effect on Gametocyte Production 
.Gametocyte production was apparently not checked by paludnne, unless 
It was given very early in the attack, presumably before gametogeny had 
begun The duration and height of the gametocyte wave could he correlated 
with the duration and height of the precedmg trophozoite wave, m the same 
way that these waves can be correlated when atebnn is used to control the 
climcal attack The gametocyte wave conformed to the normal type in all 
cases studied (see Graph) 



Graph Trophozoite and gametocyte waves m patient Ken with sporozoite-induced 
falaparum malana, treated with paludnne 0 3 gramme daily from the 13th to the 26th day 
Trophozoites, contmuous hne , gametocytes, broken line , arrows mdicate times when 
mosquitoes were appbed No infection was obtained in any of them 


3 The Effect on the Parasites of Paludrine Ingested by Infected 

Mosquitoes 

An experiment was carried out to test the effect on subsequent mfection 
of introduang paludnne along with infective gametocytes mto the mosquitoes’ 
stomachs Mosquitoes were allowed to engorge partially on a patient who had 
no parasites m tlie blood and who was takmg 1 0 gramme paludnne daily 
Each mosquito was transferred to, and allowed to complete its feedmg on, a 
patient ivith gametocytes in the blood A control batch of mosquitoes was fed 
only on the second patient Cysts m the control batch of mosquitoes grew 
normally and a heavy gland infection occurred In the test series, cysts formed, 
ut died without growing and no sporozoites were ever detected The average 
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number of cjm formed in the conlioli mu toamen. Mod in the tera tlx $md 
the COTTcspcodhig ipoiozoitB rate* were 95 per cent, and nil 

Two eipenmcnu wetc cialed out to tot the effect of ptludnne on cpti 
which were ilnadj growing normaDj In tbe*e etpcihoeon the rnoaquiioei. 
already heavily Infeaed, took a foD feed from a patieni on lO gramme palo- 
dnne dafly In ooe ciperiment the cyiti were 5 dap old and b the other 
they were nearly mature. The ^wroioite rate however wm not m8un>crd 
br the paludnnc taken up by the motquitoca. Apparently the drug dW not 
penetrate the cytt, or If It did. It irai o« b luffidcnt coocenliatKm to 
prevent development, although innum«aWe nuclear dlildom jnmt have been 
occumnp in the formation of aporo m tica. 


4 C£rcajj**cr<a» 

1 Paludrbe in therapentJe do^ does not bbibh the pnxlucrioD of 
P ftlciparam gametoepa and docs not toBuence the ntunben or morphology 
of thoK already formed. 

2. When taken up by the mcnqulttv these gametccytrs may reach the «agr 
of encratment. but ia the p re sence of pajodnae dr^opmeot ceases at this 
pobt Complete fterffladoo of the lofeAon oceurs b moqidtaes fed 1 hour 
after a do^ of O’! gnfnme. 

3 Ko irmerebte change b p roduced la the garnet c epes, once if thp 
pemn b the blood for a long enough period, they may regain their bfeetirity 
when the paJudrioe hat been excrered 

+ Foil bfeentitr had t ct u riic d on the 12th but act on the 10th day 
after cotnpletbg a courw of 0 3 gramme daily for 10 dap. 


m THE ACTION OF PALUDRINE ON PLAS^rODW\r MALARIAE, 
Ob'errarkras were made on three panenii treated with paludrine one of 
than — Sn — had «porcrroIfe-IxKhiced quaitaa malaria and the other fwo had 
been bfected hr Wood bocubtkm. None of the parienti had rnffident pme- 
toevtcs to allow obwrvarwn^ ro he made on thert mfectWty to roowpiitoes. 
GamctoCTtet ocogred b anuD oorobeis during treatment and as they were 
onlv recopniaable whb crrtahity b tbb 6hm riicr have been bduded b the 
total parante counts. Thick and thin films were made st 4-hooriT intemli 
frenn rwt> of the parienr^ and at dailr bterrml* from the third 


Before beinfi. lb« psmrtn prewan were mmlr tmoebcwl* nd nna*. 

wfih scoM esrh schhccits sod now racture adraEaBn EIxfat hoon krer tnsmrt Khaems 
arm present, «nd cos ws* wen whh re>ei» sppsrenrtr wrrmil iBcrtwoUfs Tbe rates sod 
At be Ilth bcur iwi** waorbotd* sed prs-rehnc«5t» 
mm present I W tbs iWi bocir >ocs:iC rtelg. si u nc ti omU sndpTi i dtUunt i wtd sores nnsiuts 
wm ttm. liw BUtOTS schiroms, bowsrer were ddC entirely ncnml TW 
mmstwtes stuoed and tSs ertopUsm wss rreituW e eurtois. 
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f AUTDSaz AMD HAUUtlAl. rAUintS 


Bm (^9 gnmmi pttminm ftr \0 

Tba paiMte* fo tliii ptfnit had uatcr b«cn io plta*«, end aome Ttirmy wy had 
oerai^ p ftW lly on •\eT 7 day of ha ioiaetKn. t i p airn git bagn, th p*r«wto* 

»eD-px>« rfap ■aoeboid*, pra achnmq and ■ rhh ona. After 4 benn, 
tJ*t« waa reiy hole aridence o£ drag actkxii, onbr oca atawnnal achntait wm awn, fa *hidi 
da chmoatn maaa«a w« Tagne fa) ootQoa a&d ataini^ paMy A tnr dasaged athaoDta 
were aeen at 7 bmn, bait oev riDg* bacT^pcaral ta da cimlladcci fadloafag tK«t nnrnal 
a rhTTO gopy waa octnrrfasg T^ay muBhaRd abcot 90 par mm , mH Hi the orat 
7 bmrt day InaiaaMl to 380 par '' 

At 10 boun, tally agna at niii't>«i tWauuuica) wora ippareot fa) raaoy adiaorvo. At 
14 booia, tbeae dongca van moca but i^x-i mature a-fai afi aomal 

UJtTuaiaiea ww aem at tha atage The ymng n c y , ithkfa «ua ptea eal fa fllma taken 
frean da 7di to da SOtfa hour ccaild ba folloacd diiougfa for 77 fanura, when tbey were 
cUaUujrJ u achaaKa. 

Thara wai gtadoal le du c tk ji In da total count. Tbe blood pactuie, boa war wma 
alinoat UQchaoged im to da OOtfa boor g« r » #t i %- y ti>«mHH«^o#rat 

ing addsenti coedd be mngmied la tPin. Ftran da 70di to ICdad hour eady 
l a ia tocy tg «nH .Ugiiai«i-tng and Ikct than tfa b all patadtM 

a eia pcobobty t«»iiai « - -y m , but, oang to tbelr acaicity in da (hfa fifana, tber mere bard 
to otu^ Tbe ofaod <tti not oxnpletely d tar e d of poiaataa untd the eradng of da 10th 
(and li^ day of darapy 

In Table Vn tbe coona from Sd and Hay at appnxnmatcly SJjourfy 
inicmds are given. DaDjr count* from Sdt irhox panntc* were too Kanry 
for drtaJkd are giren for companwn. 


Coercumowa. 

1 Palodnne doe* doc prerest growth al P mjdsnte rropbozolies. Ita 
tedon a opoo tbe cariy adUzana, wbidt undergo tbe nine type of degener*- 
tkm » deaenbed for P tno a t iciilMBa. 

2. P maZatw l» lew *u>cept!U^ to paJodiine than P ctvar ichizogony 
may occur up to tbe 20th hoar after cottunenong iberify lod on the lower 
doaage at lean the re»uldng mcrozoite* nuy gnm to foil »ze before being 
deatnryeA 


references. 

&JXX.R.H. (IW61 Tta eflect of entwnahiial dntg» mi Wa i a »»J» /afc ^ panta (New 
OufaMa atnfaa) derelopfag r* ritw Trmt. R- Sac trap Afrd. Hytj. 40, lO-TTO 
FAlKLaT N H., rt <lMdi) Raw ard aa oaj pafadna CM-4*8®) « AuaitaHa. 

Afad. i iMi Fcbnary 1W« * , , 

— — clWflbl Raoearche* cat pokainia fiL486B) m malana. An expenmaotal 
faradeallcai imdertafan by tbe-URQ Kledical Rcaeweb Uwt (A.LF) Cauta, 
Ai« t^ 7Wt.iL5f ftop ifiJ-Hyt « 103-153 
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spfttn n 


, ^t«By h«T» Ktrco pr^-tmaieae* toamectdcBt tntCTtin*l <ljwr»« «t tb« do»Wi%»rt 

^ noo-tropKml trictie* of tmue Dcvcrrr irki 

HA*^ct (1 WO) «crib^ d» d»Tttepiiio« rf tl* 11^ tToOroTO to ^ dHomc If^mo^W 

"*«* •P^ i* *• W«J« t/ 

dboK Jth*BB^InteMfa*htrm,«adhfww«ppm»tobe<lijitis»ir,4i*r[*K»i»thTix«* 
iMJitj tbaotpCioti. 

HypsthrtkiDT tf oopicU tpnx h dtUintj dbe**e. tbo dmplm wiy n mh«h 
ft coQid trae wouid b« u tb« rewft of • d^mr fcunfcijBicT of ceitw cwtrwQentt of ib« 
TTt«inki B, ceeopfc*. Tber» h. bowrw Hnfc t^Ueoee In tli« Utmur* of »och tn mnn. 
«nd th« «TideE»ce tfatt tbe cCnM b of Aficj c a ry Mtore bcs to tbmpwmc 

retpoew tD erode bT*r ertroct m obwrwt! dtokeDr cad ndIofc«>callr Pefbtp* Ow 
pnncf^ rOKC for thb fa thtt ecrfier rwporo no dietetic tle6ejefle*c mere d». 

CKitnbl« to the diet* of tfaoM MiSenaf fewn cproc wew written be f ore tW cnennoncnti 
f the VTtamia E, caeofikx bod been xtertriffad c^ wfacn Ldl* wta known of tbn nmcticci 
to mettboGn or cm cn tppmxncte ecra awe of KrmsM^ feq nlr rc xn t hwl been Meewd. 

A CTDdrocoe occumns to Indic with mue^iie fnram hec kttf been known cod bs 
rectaitiy been ro-dewrfied bj bora* (IW3) Cb ruMCni md Rai Cfluwvw (1W4), 
end Cook (IWfi. It b dwtciatiuwl braloautb, pele, wderr drcnhocc, wectan, roecro- 
tjtic e nWTu fa, Vswtied btood t’clirfcrrw end blood lif«di> aid tow or flat fkicoae triteraoe* 
enren inalarfa cod djaaiterr ere cemced m bnpoctwu contribumy toctoet. Tfwae 
■Uthots ore auiiod tfacc tb* dfaeaM h f iburtjc orlt«a ertd tluK Q 

deSacaey b tbe pred onituani fcQor both to netiolcty end ihmpy Tfanfah Cooc bdkrta 
that tbccTTidintn* b ^Btd to eproa, NvmfUQsw Ibe (Straw pMvwproe ** ai^ cwsidera 
titet tbt two coodrdotw not only hn dlfErrrtd aetMocin bot djadnsnjrfw)* cGsU 
fecuna tho cnenry to devrea of tjmpVKit^, iba watery oatura cf tbe Roob, the kater 
£>ec>l 6a krtfa, cod die naed tor ten tee tri e u co to dirt dnroM pertmf m >J*ofy (ha weiltuoei. 
to NAmi • epiotoa, of na»«prue « an eiahy dcstoct Iram trae ipTw Perocai of (hear 
r e pu e ta a dmi c twD y meu erwo om a enttoa toarons nf the tyadrana (yaraaprne) m*o 
tjpkaOy to tba laditi, cod fuQy d ar ekipoJ inna m deaoibed a the European bat (be 
rattcBtt for tfafa back difle rcn ta itoB would be BWire e c e m ae w at if new aroofoftcil md 
pc dioygtJc f ic tc Tt pettra ung to rhbar diteaae had been admMvd to npbto mby tao 
•uppoaedlr datact cyndramet tbouU ettoba tba hbw dm of dtrdcal, haemal otoflcal 
and t'fwi w m ifl erenta. Wheterer difTnTecrt of ciptoien oist dietr rep oa i pnnile 
andeafabk crf^nca of dweat at lews •proe-Un to cboraRrr acnnited with 
dJetetK t fafi acQcy of r tiwaifa B« aenpltx, 

X* reatdt of wkkrr knowkder ot ftt and mbotnd/ite metatefuDi and of the mrt^ 
boCcfunctKciofoertanTftBtnto&aetkxi arioothTpotbcao harm been a drenee d to tip Ua 
the [wi f^ ny f eproa, ootcbfy thd of braiona (IW^ to wtodi rvfen&cr ^iTl b« made 
fater Tbeae byp otb ca ei ttdl ewart c tifteat fa n . wid aetasVafK*31y t a neenury t mert 
to 1 rr rS^ a wirrm tf— t fwfwf, that apfiw btbe c npi et cj on of deSewocy of certun 
and a* yat eocnyMnna of tha Tkamto D, cc a iipfcr M bawd pnncipaliy on 

tbercpeutic rcapooae 


The foOotrrag report of three oothreab of the tprue ayodrorTte la South* 
p«at A*ti, m epidemic proportioni, t» robmilted la tbe bebcf that rt affords 
tridence of iroptol iproc tnamg •» tbe (Greet retoh of a djetarr defiCTOtcy 
of the ritanun B* eoinplei. The peraonDd aifected were Drtfbh and lodaa 
troops eoji^ m the Banna campaign of in three tridrir aepiratcd 

uxaa. The report to a ntoarof of aereral reports aobraitted offioalh by the 
WTTter at the droe of tbe outbreaks to appropnaie beodqtjartera. Of psjitnJir 


Importance ta the totet In the second ootbrcik not only Dnirth but I ndian 
troops in the same area ncre coutodentally affected tbe m^orttr of both 
nUaontbucs tuffered from the mader form of the dtoose whkb correapomto 
m deacrijptkm to the condjtwQ referred to abore as para-epruc but as an 
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vn» bcrcMed bj wnoklog tnd hot food* «t fim, Ixia by til food*. Gkmjtii 
w*i focnd m *11 c**e* ind rirfcd from tlight ulctritKm it the tip tad tloog the 
intrgm* of the tongue to completely red ^ncd tongue wfth cpithcM tUopty 
Apthoc* ulcer* were proent in four 

(4) Lot* of tppcthe pronounced fai twelre 

(5) Abdomintl duteniioo tflcr mods tnd opecUIIy daring the mgfat 
hour* out of proportton to tmount of food 

(6) Lot* of TOght in til cue* ind ui ercm of that eipectcd by tcrer it y 
of dnirrhoet the hetnett lot* recorded w» 49 Ih. between I5th July tod 
31(t August. Four ctso could be deacribcd u cmaciited. 

(7) ProcKrunced moscultr wetkseu tnd mcntil deprettKm. 

(8) PtQor orunhethhy nlkrwncM withdryncH of ikin tnd lott of dtsticky 
DO rtthet were pretent but two cue* cxhilMcd t genenlked pigmentttxio 
whkh, tt £r*t tight, wu tuggestxre of Addaon • 

(9) Scnsttiont of numbaest, tingtmg. tnd pm* tnd needles ” in finger* 
tnd toet in *ix cuet, of which two compbuned tddhlontlly of cnnip* In the 
cslf muscle* tod feet, tnd two btd oedcntt of the feet tnd leg*. Of thcM tix 
cates fire had ngnt of pofyneuntii with tbtem or iJnggish knee tnd mkle jarkt, 
terxler calf muscles tnd penpberti temory drsturbtnces. 

(10) Low irregultr pyrexi* b ten cates. 

(11) Blood pretture rystobe tod dbttohc pressures saboormtl m til 
cues, below 100 lystaljc m three esse*. 

(12) Blood tnsams present to tO esses, mtemytje b * 07 * 0 . R.D C. 
count* rmed from 2,100,000 to 4 000000 W B.C. lowered b tii esse*. Iso 
ct>e showed t leoeoeytosl* tad m mtlsnal porasnes were found b tny films, 

(13) Gutrk tnilyti* (utmg 100 c.e. of 7 per cent, alcobcd) normal 

*ckliTy tix byperchlothydrii, fire bypochlnrhydn*, two tchloThydna, 
fire. of mucut m fifteen case* (one case hsd a total aciddy of 164 tnd 

free hydrochloric addity of 8, the odour dencAmg an ato m rf ccginic tcid*). 

(14) Blood-sugar (folUmuig 100 grammes of glucose mxterial arsilthle 
for csthnttwn of four cases only) Bat enrre, two low curre, one normal 
curre, one. 

(15) Stool*. 

(а) Naked-eye appearance pale, watery gresiy foul traeflmg and con- 
taining undigeated food particles in the majority a few stooh were of a pale, 
pi*ty or ponidgy conagtence etriy mociung atoob were the most copwu* 
Done wa* large a* oa admoskra up to twenty atooli per dar were beuig pasted. 
(Aita- initial milk diet and chalk powder had been taken for sercral days all 
the atool* began to amuine a pale, portidgy conaotence tnd increaaed m bulk 
ta frequency dunlmshed.) 

(б) Microscopic ercea* of fat ^obulea tnd fatty tcid cryatal* wuh 
imdigated food partjde*. Or* of Atcmnt iMmbruvtJft found m three c**e» 
no EaUmotU ab E. kuiofytirm cyats or Gtardw Umtka m any case. 
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(c) Culture (all stools cultured) no dysenteric, salmonella, typhoid group 
or other pathogenic organisms grown 

{d) Faecal fat analysis (by District Laboratory, Calcutta ) Seven cases 
analysed followmg 60 grammes of fat daily for 4 days (Table I) 

Table I 


Case 

Total fat per cent 
(dned faeces) 

Split fat 
per cent 

Unsplit fat 
per cent 

1 

19 9 

11 2 

8 7 

2 

22 6 

21 4 

I 2 

3 

26 3 

11 3 

14 0 

4 

28 0 

26 7 

2 3 

5 

33 6 

31 4 

2 2 

6 

33 8 

17 6 

16 2 

7 

40 0 

38 0 

2 0 


(16) Urinary nicotinic acid excretion (Unnes analysed at the AU-India 
Institute of Hygiene and Pubhc Health, Calcutta ) The four cases tested had 
previously subsisted for 4 days on a diet of 3 pints of milk, one egg, 1 pint of 
liver marmite soup Subnormal excretion levels were recorded in all four cases 

Visit to Affected Area 

The hospital cases stated that a similar condition to their own with diarrhoea 
as the dommant complaint had Ijeen widespread m their umts A personal 
visit to the area was made and the following information obtained — 

(1) AH the units m the area appear to have been affected in some degree 
whether m proximity or mdes apart The preiailmg symptom had been diar- 
rhoea which had reached its height in May and June No infective source had 
been found by the authorities, nor did stool cultures support an infective ongm 
Unit medical officers confirmed that the diarrhoea had been acute or sub- 
acute, mostly pale and watery, but a percentage pasty and frothy Blood had 
not been passed with the stools Lethargy, weakness, nausea, flatulent dyspepsia 
and anorexia had accompanied the diarrhoea The majonty had recovered with 
an initial purge, rest, nulk diet and kaolm or chalk powder Severely affected 
cases had been sent to hospital The men had spontaneously voiced their 
distaste for fatty foods and these were either voluntarily refused or omitted by 
medical mstruction Glossitis had been present in the severe cases only 

(2) Accurate figures for the whole area could not be obtained the disease 
had arisen 4 months before the visit, different diagnoses had been made m 
vanous units and many of those mildly affected had not reported sick Medical 
officers of three units were able to furnish figures of “ pale diarrhoea ” showmg 
that 14 per cent , 45 per cent , and 60 per cent had suffered m some degree in 
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thc*e tJirce imiU, At Icot SOO m the irta were kncrtm to hart been affected 
and the acntal figure may weil Imtc been twice this number 

(3) The local military aathontjea had conaldercd that the outbreak waa to 
acme way taaocuted with an rcreaa of fatty and fried fooda and the*c were 
reatncted m dirt achedulei. There was a general complaint from botpual 
pitjcota and troopa m the area that not only had there been an cicew of fatty 
fooda, but that the tmned frta, eapedally batter margarine and cooking fat, had 
been ” qttcer onwholeaome ** or rancid — a complalnl too w tdespread to 
b« ignored. So diatattefol had thcae artadea been that many groups of men 
had pfTVMdy bought t[na of butter and marganne from the looil town Borou 
Enquiry at the central food depot (from which all anka in the area were auppbed) 
eltdied that for *ome montha much of tfkc tinned food artmnghad been urmtis- 
factory many rina had exceeded the conaumption expiry dates Bated on the 
labcia. “ Blown ttoi with bolging lida wat common but were of courae, 
ikever tiaued to umta, but aeceaefty demanded that tins from the tame consign- 
ment, if normal to outward appearance, were issued. The contents of a few aueh 
“oormal tint taken from cases m which one or more tms were blown,’*wCTe 
sampled czhl found to hare a mildly raood fftrour (Screral such tins were 
put on one aide by the wmer and »Itv 2 months one rm of cmZk and eoe of 
margtrme had deseioped blown ** ]id&) The offieera in charge of ebe depot 
ascribed thu drtgi omi on to imperfect tropical Borage eosdmcets. 

(4) Accurate drtaib of the rations consumed dsDy by the troops 4 months 
prorkmly ctnild not be obtained. Autbofurd ratios s^es were aatafactory 
bur It B to be noted that under mlBtaiy conditjorLB uoarailabllitT of Bandird 
fresh foods such aa eggt, miTk, meal and Tumbles nccesaiiites iisuea of tmned 
subslituies and these may also vary week by week the diets as prescribed 
aulbodtctiTely and aa taaued and conwmied nay therefore bear Utile relation 
ship Nor at this time, was an tsacsamait of the vnamin raliKs of the multi 
phaty of the tinned foods arailiWe. It was known ihil egjt, milk, fresh meal 
fruit and egrtaWes had been in abort tupply for several months, but there was 
no proof that the tinned substitutes issoed had been defioeTO m vitamin raJuea, 
especially m terms of vitantin Il« complex componeau. 

(5) None of the nmt cooks appeared to hare suffered from tbe disease. 

RmaTi or Tioatbest 

Response (rf the miJd cases in the area to rest, an initial purge, milk and 
/4^«TV powder and abstentioD from fats has been referred ta TTie more sever 
/■w. m boapital acre treated as for sprue with ccmplrtc rest m bed and a 
high protein, low fat low carbohydrate diet, cnosntlnc mitally of 3 pinu of 
raUk, ! ptnt of liver marmite soup ensp toa« and fresh fruit juxx daily with 
gradual additions of an extra pint of milL, one egg, thm porridge, farci, beroax. 
Kfn.fTM jdliea, btscuita, marmite aandwiches, minced ancter-dcinB beef and 
Itrer and an additional egg Pncntcral crude liver extracr was given to (be four 
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most severe cEses Drugs included kaolin and otber chalk powders in large 
doses, dilute hydrochloric acid, ascorbic acid and mcotinic acid tablets, and 
full doses of iron and ammonium citrate in the 3rd week Parenteral vitamin 
(benerva) produced immediately beneficial results in those with signs of poly- 
neuritis All the cases without exception responded to treatment and the 
following observations are emphasized — 

(a) Four cases had received sulphap)Tidine or sulphaguamdme before 
admission and two cases were given the former drug after admission , ameliora- 
tion of symptoms was not in advance of those to whom the drug was not 
admimstered 

{b) It was soon apparent that rigid dietetic restrictions were essential and 
attempts to commence with a diet of higher level had to be discontinued owing 
to persistence of diarrhoea, nausea, distension and other symptoms (This 
should be compared with the observation of Napier and Chaudhuri that m 
para-sprue there is no need for the ngid dietetic restrictions imposed in sprue ) 
Unfortunately it was not possible to note the effect of a more liberal diet given 
coincidentally with parenteral liver extract 

(c) The hnuted amount of parenteral crude hver extract available was 
given to four cases in doses of 8 c c daily for 4 days, followed by injections on 
alternate days The gam m weight of the cases on diet and oral therapy alone 
was to 3 J lb , during the second week no case gainmg more than the latter 
amount The four cases who received parenteral liver m addition, gained 6 lb , 
7 lb (two cases) and 8 lb respectively with earlier cessation of diarrhoea and 
more rapid improvement m all other respects than the remainder 

(d) Reiteration is necessary of the observation that the initial treatment of 
rest, milk, kaolin and hver soup resulted withm a few days in a change m the 
stools, which lost their pale, watery appearance and became less frequent, larger, 
putty-coloured and of a pasty consistence , the massive, pultaceous, early 
monung stool of the established sprue patient was at no time observed 

(e) At the end of five weeks’ treatment further observation was cut short 
owing to the wnter bemg posted to another hospital coincidentally with the 
transfer of many of the cases to a Base hospital General improvement had 
been mamtamed in all cases , symptoms of glossitis, dysphagia and distension 
had abated or ceased and blood counts and haemoglobm had shown a satisfactory 
mcrease , twelve cases were passing only one stool daily In only two cases 
had the normal mcreases m diet to be withheld owmg to persistence of looseness 
of stools and other symptoms The four severe cases who had received parenteral 
hver extract for 2 weeks were passmg well-formed stools, had mamtamed a 
greater increase of weight, more speedy abatement of other symptoms and a 
more rapid approach to normal blood counts than those treated by oral methods 
alone , it had also been found possible to increase their diets to a higher level 
more quickly without ill effects In short, the response to sprue treatment by 
oral methods was precisely of the same nature and degree as one would expect 
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PIWB^ ^ ffw bent* <rf TtEdtfaai moed. FoOowinf rrtnra to tba m frowora 
pmttinJ «t now wr eofnturfed hj pifoful flttufcnee iftrr *n rmk ntd Wm of 

wetw- F‘"*^ui3inixith»tUt»oimmin«l*oftl»d»7hidbe*Bdj»hrtprtp«mlfrwn 
boDT-betf « rinned fiidi tritfa Jdi y d fK twi potatoc* doeat ptcUn «1 tW rd b«n». 
H tttted tb*r tbo taamrfrM w«f nimlthc ni raoat of tba unit ftve op ■‘■ m - tt it. 
Enbrr fhj or In da n cnokia* <»1 wn «aU to be wed for frjtat ecxl “evetythinn fried 
fai t h»J an iMiplmant. rfckly t**w Hh atoed* »cf» dcacribed ai pair eremur or 
jrilenr abacn «mt» wbeo very Bqttkl. 


CAin TKAnsreneD to norrmix 

C*»e» of •rrmty were coeutantly bdnf innrfcrred from thfa foewerd irea 
to Bue boapfuk. In » peraoml commofikitioQ from the titetficil apeetatiM 
of ■ mUrtaiy bofpiul fai Cakuru it tm lUtcd that they were boag dkgooaed 
as sprue aod that 01 many cases total laeol ftt readicfs of orcr SO per cent, 
with exceatho ^Jtttinf had been foniwl 

The Dirra»T Factor. 

^VccUj ntkn acbedoks for a preceding period of 3 months w er e tttuQed 
for both Bnthb and Indian troops and ahowtd onff manor Tinatlons. These 
schedoles were drawn up in adraoce to acconUnce wrth the odkul Scales of 
Ratwes and Supphei ** ( S.R.S."), the sole prorsdiof for the jssoe of ttandard 
irtjdes {the npplj of which often depended on local purchaae and araHaHlitT} 
and a tabic of rabAitutca for thoae standard artides whkh cooJd not be pnmded 
This method wn found to be unaatiakctory snd the S.ILS. nendmtiollj 
amended ht 1944 It wlD be mdOj ondtrnood that in • forward am the 
requisite itippbes of fresh foods were at Umes rmpoasihle to obttun and their 
repl ac c ajKU t by aabstitutea equal m essentials difficuh to amnc. These weekly 
schedules were, therefore, p re pa red m adrance to ensure the Issue of the rattoos 
staled 1 / acadeWs They do not, boweytr sceuntdy represent the actual 
issues. Officers at the supply dqmts soppbed the foBowtng laforrnatioQ 
fresh foods, espeoally meat, eggs, fr^ and regetaUea, had been in short supply 
for mesiths and the official policy had been td send the bulk of these articles to 
ednneed troops in tbe forward tooea, adhering u dosely as possible to the foil 
scale of rations authorized m the ** 9.ItS ” In the Base area tiself it had not 
been poaaible to issue fresh meat more than once a week (occassonaBy twice) 
for serend mcntlw. Eggs had been miavailsble m the Base for weeks on cod. 
Tbe i tp’f of fresh fish was dependent on a catch in the local rtrer — oerer 
suffident to supply more than one or two tmits at a tfane. Only ocoswoal 
bsocs of fresh milk and fowl had been posaiTde. Fresh regetables hid been 
ertremdy scarce for mentha and of poor quality brin>ls and pumpkin were 
the common otxes issued if araflable, but m tbe mam they had had to depend 
on dehydrated sobstitutea, jocludlng potatoes. In tbe case of Indian rations, 

were, cot an luthorbed issue and fresh meat (mutton or goat) had been 
iBucd once weekly on the average. Tbe above observatwma were in keeplfif 
with statements np 'b- by troops ihemselres and unit cooks, utany of whom 
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were able to produce menus of actual meals cooked and issued during the 
precedmg 2 months 

Details of two specimen ration schedules are appended, one British and 
one Indian, giving the daily amounts of each foodstuff per man These articles 
and amounts as prescribed are given m the tables, and the necessary deductions 
for unavadable articles, and revised values of nboflavin and nicotimc acid follow 
Values for iron, sodium chloride and vitamins A and D have been omitted 
The amounts of pyndoxin, biotm, pantothenic acid and other vitamm Bj 
complex components present in the foods mentioned have not yet been so accur- 
ately assessed as to render tabulation possible (Table TI, p 388, Table III, p 390) 

DEDUCTIONS AND REVISED VALUES 

The omission of eggs, fresh meat, fish and fowl from the British diet (Table 
II) would reduce the nboflavin value by 0 6 mg to a total of 0 99, and the 
nicotimc acid value by 13 5 mg to a total of 11 0 mg Proportionate issues 
of the commonly substituted articles — corned beef (4 oz ), tinned meat and 
vegetables (2 6/7 oz ) and tinned fish (2 oz ) would restore the values of nboflavin 
by 0 23 mg to a total of 1 22 mg , and nicotinic acid by 3 0 mg to a total of 
14 0 mg 

The loss m cookmg of riboflavm has been estimated at 10 per cent , and 
of mcotimc acid at up to 20 per cent There is little loss of nboflavin during 
SIX months’ storage but up to 20 per cent may be lost through storage at 115° F 
for 8 months To these losses must be added what is known as “ plate wastage ” 
If these losses are conservatively and inclusively assessed at 15 per cent , the 
approximate values of the daily food consumed, in terms of these components, 
would have been nboflavin (1 22 mg less 0 18 mg ) = 1 04 mg , nicotinic 
acid (14 0 mg less 2 0 mg ) = 12 0 mg It has been found that certain Indian 
cannmg processes resulted in a loss of up to 67 per cent of riboflavm No 
deduction has been made for issues of dehydrated potatoes, and as the amounts 
of thiamin, nboflavin and nicotmic acid present in corned beef are a matter of 
disagreement (some authorities even statmg that corned beef contains none of 
these factors), the figures given above probably still represent too high an 
assessment 

The normal (optimum) requirements of nboflavin and nicotimc acid for a 
diet of the above value, i e , 3,571 calories, under ordmary conditions would be 
approximately 3 mg and 20 rag respectively (National Research Council, 
USA, 1941 ) As regards these two components, therefore, the diet over a 
period of months may be said to have contamed mmimal or border-lme levels 
at which impaired vitality and a fallmg level of fitness might be expected to 
appear, if not frank signs of specific deficiency symptoms 

It has been generally assumed hitherto that a diet known to contam adequate 
amounts of thiamin, nboflavin and nicotimc acid also contams adequate amounts 
of the other components of the vitamm B. complex — biotin, pantothenic acid. 
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stools at the end of the -neck , kaohn u-ns djscontinucd on the 5th daj At the end of 2 
months, both patients had fullj regained their \\-eight, had normal blood-counts and after 
subsisting on hospital con\ alesccnt diet mthout parenteral li\ cr for 3 weeks had shovsai no 
tendency to relapse in spite of there being no restriction of fats Both ivcrc now passing one 
normal sohd stool daily QMS M proceeded to a com alescent depot Gnr B , unfor- 
tunatclj , contracted scierc Shiga dj’senterj and a recrudescence of his former s>mptoms 
was fear^ On sulphaguanidine therapy he reemered rapidly from the dysentery without 
any complications and proceeded from con\ alescent diet to ordmarj hospital diet without 
anv signs of fat intolerance or other sprue samptoms He wns kept under observation for 
a further 2 months, dunng which time he subsisted on the R A M C unit rations (Field 
Senice Scale) and remained perfectly well 

Apparent Immunita of Forward Troops 
Freedom from the syndrome desenbed by units in advanced positions has 
been referred to, m spite of their greater exposure and more arduous nature of 
their duties The sigmficance of this finding cannot be too strongly emphasized 
These troops received the bulk of such supplies of fresh meat, eggs, fresh fruit 
and vegetables as were available, their ration issues approximating closely to 
the ration schedules, details of which have been given, and in w'hich the vitamin 
Bo complex values w'ere appreciably higher than in the rations actually issued 
at the Base area This observation is considered a strong indication that the 
additional fresh foods had given to the advanced troops a protective vitamin 
balance 


OUTBREAK III 

In May, 1944, an Indian Artillery Regiment was transferred to the northern 
area from the Arakan where the unit had been part of a division surrounded 
by the Japanese and for 6 months had been subjected to most arduous conditions, 
for the greater part of which period they had been dependent on air-borne 
supplies After transfer to our northern area several men were admitted to 
hospital with sprue symptoms glossitis, angular stomatitis, anaemia, pro- 
nounced muscular wetness, pale, watery stools, and severe loss of weight I 
was allowed to make a personal inspection of the unit, the total strength of which 
was 985 The general air of apathy and listlessness was striking Two hundred 
had mild symptoms , nmety, moderate , ninety-six were severely affected and 
were immediately admitted to hospital (This number was later increased to 
112) Forty per cent of the unit were therefore obviously affected The 
mcidence was significant The Bikaners numbered 235, of whom 141 (60 per 
cent ) had the disease The Ahirs comprised half the unit and of these 130 (26 
per cent ) were affected The State of Bikaner was swept by famine and flood 
m 1940-41 and it was stated that the majority of the Bikaners were recruited 
portly afterwards Antecedent malanal incidence was also highest in the 
Bikaners and Ahirs m that order, and their general physique was not so good 
as m the Punjabi Musselmen who suffered least from sprue symptoms and in 
whom the malarial mcidence was lowest 

Duration of Symptoms — ^The average duration of symptoms before the first 
a missions to hospital was only 3 to 4 weeks Malnutrition must have been 
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proem, htraerer before the tdrem of glcahif darrboea, etc., tt the weifht 
loo m the »evcrc cuo wo htgh, one nan hjmug lot 40 lb and the mnontr 
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The Dittctic Factor. 

Imo of food had been earned out under aercre cmergcocy cooditioM 
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an arcrax® of 5 oi. of each of theae artfcica mer the period. TTje ainounta of 
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augmr tmned milk and ghi are approaimalc. Sah. chlUica, turmcnc, etc., hare 
not been mdnded. The uaual meekly ertraa had not been avaikible. One 
orange <* banana prr man, and one radon of regetable had been taaued otoothly 
There was aome doubt aa to wbetber tmo. or three, laauea of meat had been made 
in 0 montlw. 

jtmiED VAUJiB Tfntoroii lomo. 

It n 01 be noted that the abc»>ic rataona cwitained no an mil proton, frcJi 
milk, egga, frtnl or >egetabka th amall amount* of the tmo laacrartKlea la^ed 
monthly and tbe tmo (or three) laauca of meat mer a penod of 6 montha are 
DCgltgiHc. Se ve u t ) four per cent, of th<- diet maa cjri»h)dratc The only 
iource of rtamin C wa* dal and tbe daily nlak would my from T to 9 mjt 
according to tbe type of daL \\rth regard to ihoamin, nbofla in and mccaimc 
aod. matinp the aame percentage deductioiu for loaaea in cooking a* derailed 









FRANK A'iKE-i 


393 


m Outbreak II, the above values would be reduced to thiamin, 1 3 mg , 
nboflavin, 0 78 mg , mcotmic acid, 9 3 mg 

Plate wastage, issues of nee in excess of atta, or poorer quality dais would 
still further reduce these amounts Further reduced intake through eventual 
loss of appetite was an additional factor and was described as pronounced 
The optimum requirements for a diet of the above calone value are thiamm, 
1 5 mg , riboflavin, 2 2 mg , and nicotmic acid, 15 mg (National Research 
Council, USA) 

URINARY EXCRETION OF NICOTINIC ACID 
Unfortunately the umt was not seen and these tests not made until 10 days 
after its amval, dunng which time the troops had been subsistmg on the full 
and more generous scale of rations now available to them, mcluding fresh meat, 
milk, fruit, vegetables and larger daily issues of atta, nee and dal Allowance 
must be made for this m interpretmg the readings obtained Smee the entue 
umt had previously received the same low diet, subnormal mcotmic acid excre- 
tion levels might reasonably have been expected even in the apparently fit 
members It was of particular mterest to note, however, that whilst the latter 
and those with only mild symptoms were eager and able to take the full diet 
now available, those with severe symptoms had lost their appetites to such a 
degree that they were unable to take advantage of the rations at their disposal 
Three groups of eight men each were selected for urinary analysis and the 
output of unne m 24 hours carefully measured (The analyses were made by 
the All-India Institute of Hygiene and Public Health, Calcutta ) 

1 Group A (eight cases) Apparently fit with no symptoms 

2 Group B (eight cases) Mild symptoms, but without diarrhoea 

3 Group C (eight cases) Severe symptoms, including diarrhoea 
The results were as follows — 


Table V 
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fTi:ii>Aii« Fo« coMPAmnov (Dfiiu:i). 

Wheat 6 77 mg nicoluuc *ad m 24 houim. Rfct 
eaten, 3 15 mg nkotmic aad in 24 boun. 

Tbe nadzaci la G«wpa A end B «ns btGt^ to be higher th*a wwild fans bw tht 
CMC hwl tba cnetTKi been rnneW 10 dapi earlier bef re tlw fofl raticn bad brai 
The lower rtaefi^ m Groop B. m compared with Group A, an affnlficMit 
chat there «aa no loM ^ to dknfaoca, Cktot « hidt most faara pftrad acxw pan fai tfaa 
kjw readmf* m Groop C hi additkn to anr datttfc defiaeacr Tbe atrikiri* fiatuns of eba 
reanhs it that the nrcotmic acid qu e ta so le\ek waa ntadjelj panOel with tbe dcgice 
oi dhueal luruiiuuenm tbe three gnaipa. rmt-Urrmi rffTrflirfn wnljMa. 
could BO* bo rn»Ar 

RaPOfrt* TO T11£AT1£E<T 

Tbe unaffected and mild caaea were retained In their amt libet where a 
moch rat ci poaaible wu enforced. Fatij foock mere dnmoated or ratneted 
and aupplcmeiitary raiioos naued of frab rnOt, marmhe; eggt, meat and 
bananas and jucotmic add tablna (three to aiz per ffun diilj'}. Kaohn pondc 
or prepared ehufh and a farv-aulpbitc mnnire vere prcacribed wboe needed 
bj tbe umt mcdtral officer The retention of 112 cam in bospitil reduced tbe 
strength of the regnnent by «me battery The reat of the unit responded weD 
to the abtrve OKaacires, proceeded 3 w eeJ es later Ato action and acquitted tbercH 
advea well 

Tbe agverdy affected casea exhibited the sproe'lihe fextera deacribed in 
Outbreak* I and IL TIom and tbe urgency of the miliiary sinados predaded 
any deiayi through compia inrcsUgatioos and trextroeot was commeoced 
rmme d nfriy GIoatttB wcs prcactU m erery otae 5 per cesL had an angokr 
stomtlttta, arid a t naa ocrtic sQaerma was p ieat ri t m ^ per cent. Tbe stools 
were pale, watery and fennentm^ oezaanoaSy of a pasty nature, ffi many 
frankly greasy and mtcroacopically showed fit m of fat-globoles and fatty-aetd 
ciystala. Intotmal paratttes were found in taeire cases and £. kfstofjrtum or 
cysts tn fire <•■■*<■«- Tbe lOcidcDce of malam «as high the entire umt had 
beoi taking s up pcesaire doses of mepstrinc for 6 months and these were cm 
tmacd for 3 weda until general improrement was estabGibcd. As twenty-two 
r-Mf. quKkly dereloped maUna following stoppage of the drug aH the case* 
were gii T ii a fiill mslarul “ blanket tr eat me n t. 

Tratrocat few the conddioo was commenced with 3 pints of mili, 1 pint 
of hrer cmrmite soiq? and 10 c.c of parenteral whole brer extract daily tbe 
latter h«ing reduced to ahemate days ro the 2nd week. Milk puddmga, ratoced 
mest, eggi, ncc sod cfaopatis were added later Diarrhoea was con- 

troDed with laige doses cf kaoCn or chalk powder Compound ritanun tablrts, 
DOW trailable, vrtamio C and thiamin, riboftann and mcotlmc aad 

were giren daily and mist, fern el ammoo. cjL m fall dotes during the 2nd week. 

On this s p r u e regnne response was aatnfactoiy and immediate with sraeljof*- 
uon of all syirtptDfns. The highest gain ra wei^ at tbe cod of 8 weeks was 
31 Ib and the majority at tbe end of this period were given specul leave for 
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1 month to their homes before rejoming their umt At the end of 3 months 
fifteen cases remamed m hospital out of the original 112 , these cases included 
pulmonary tuberculosis (one case), chronic bronchitis and emphysema, malarial 
relapses and ankylostomiasis Eight cases responded very slowly with relapses 
of glossitis, and diarrhoea They were the most debilitated, and contmued 
anorexia and refusal to eat meat and other foods played a major part m their 
tardy progress 

The Syndrome tn Other Units — It was found at a later date that at least 
three other units of the brigade to which the above mountain regiment belonged 
and which had been subjected to the same conditions m the Arakan suffered 
from the same syndrome 

MISCELLANEOUS CASES 
1 “ K Rations ” 

Durmg the severe jungle fightmg which accompanied the Japanese retreat 
m 1944 a number of Bntish troops were admitted to hospital suffermg from 
bacillary dysentery, the majonty givmg a history of blood-stamed stools, and 
positive cultures were obtained m 30 per cent of cases Approximately 10 per 
cent suffered from sprue symptoms m addition , m these, prodromata, glossitis, 
pale stools, etc , had either been present before the dysentery, or the latter 
appeared to have precipitated these symptoms 

There was a tendency to ascribe the deficiency features to previous sub- 
sistence on “ K rations ” Although the latter were mtended for emergency 
use for brief periods only, rfiany of the troops had subsisted on them for up to 
10 weeks I do not beheve that deficiency symptoms were due to vitaimn 
madequacies m “ K rations ” They were simply not eaten After 1 or more 
weeks the monotony of eatmg the same articles, day after day, for each break- 
fast, dinner and supper, caused rapid deterioration of appetite until the rations 
were either mainly discarded or given to others Previously the affected umts 
had subsisted on rations similar to those- described m Outbreak II, and these 
tvo periods of inadequacy should be regarded together In those who con- 
tracted dysentery the resulting clinical picture vaned accordmg to any antecedent 
degree of malnutrition which was present The error m the case of “ K rations ” 
lay m the assumption that men could subsist on them over an mdefimte period 
V ithout the additional and vital factor of i ariety 

The purelv dysenteric cases responded quickly and satisfactorily to 
sulphaguamdine In those mth additional symptoms of glossitis, anaemia, etc , 
pale stools persisted after the course of sulphaguanidme, ordmary dietary 
additions were not tolerated and the mstitution of a sprue regime was necessary 

2 Two Cases Seen Foleowung Partial Treatment 
Bnef details of the follow mg cases are appended and w'lll be referred to 
m the discussion They are of especial interest m that thej were seen several 



momhi tfiCT treitmoji «hJcb pankl lo that a to rmricteU to ipne 
<Ertliig aJoac withcmt ptrentenl trtr then:|]) 

( ) A SfTftwnt (R.AJf^ »bo »r» on* oT tbc flfw to •uflM-fai Ouibfe*t I md brim 
to*jSnificBicew*»j«Iijwl.w*tiT«»rfforoufTi£ii. TVlalft oc k*r* frtaracti 

be wm •dmJnrd t h«ip«a] mad tbew mwid for •prua by CT»Vd d*a «nd oj»l Gm 
extrtct. II ir*f wtanard to hii taiit «fter w 3 morafa. tarn icwri tcrae 3 nmtfa 
kttr be «» pertbratfas* bk dtrde* bot *w«d thii foce bk r et urn be bad lu&nd taro 
bcwa ot <5errhoe« and that them appeared to h<« foQoand fifty fwmb. One iml of 
taned bacoQ end fried dtra tud recuoed in twenty too** etiwb. By recnlfy natne u m 
fitoi to a n H nfan um he bed kept toierably weO. He euted that be bebtoxtDy 
eoBd, I»XTr«> pnie etooi each nwemcm artd a atofUr ibowA fcicarr etool Imr ki the. dar 
Ke mirrenw o about 2 etooea (28 fb ) beknr ha twnml wchtbt. 

(i) Lieitt C 'Thk o fficer wee ecea hi April, 1^45 at ho*pral in Ddtafo tiberc be 
appeared for Medtcai Dosrd foOennne axt lee\e. Twn moetha prerioudy be lad been 
brrabded botjM Cram India aa caatofaprae tl na ooe of tlw onea wtnaa aymptiw 
bad foOowad aobabtenc* oa K Rctiotta (Cor 10 weeka) and dytentary PoOcmiDt 
treatment for tbe latter ayr u pto u a petakted and ba aai trsuferred t another boapoal 
nd cttacTtnard m eproe \ treatment canteaied o( dwta and oral beer cetnet. At tfak tm 
'eiodl analyah aboard coal Caecal fot of 47 per cat. H mptoetd, but barlof fort 
X atanei ki aralgbt arm trerabded to Britain and admaud that dunof the nrvnba of hh 
akk kxTC be bad cattn otdaiary diet to an anempt to fan ansht. Tba tonau a wet tad. 
and ^a»d In tbe omne gastne osaiyat* naa withro normal fanuta R_B C. count an 
3,800 OOO artth cofoar-lndex of I I II ana tvffokriy paKeg rm. and Mtowtbnea three 
stoola day tfaa moadrtt tttri waa epeuediko ao appocaac*— «ade, rndtaeaeva and foul 
— cad later itoob ajanlar bat maB m emtuu. StocJ ar Wy ai a abewrd total 
£ae«a] rat f 4 per rret., of ahidi 78 per flcst vaa apbt. DaacnaioB afrtr Beali «a 
&eub l ea.Tra e aod bk a \<ht maa atjfl 2 afonea betor nonnal. H na adsoftrd to bo«ital, 
cad t/ttr 1 *"^1* aptuedjatzng and i a j et tl o m of nbofe brer be had tmrted 10 ]& in 
•extend be total foeod fa had d e ctea a ed teSOpef egtt— aakwer i t ipia ' n e atetanpaml 
with cttdlcr ocace treated ks the early ataje at tbe diame. 

DISCUSSIOV 

There ht* been moch diffcreocc of opuooo sa lo whether tbe coodriwa 
deaerflted ym troc apruc. Reference ha* been made to tbe dneaae deccrlbed 
by NAm*, Outoitom and R.u Cnauoirciu, tod Cooi, noted chiefly taoiv; 
Tn Htattc bwt iram ed by the fomw part apnte isd coftwdered by theae author* 
to be CD cnirty dminct from apme. If the ob«crratiortt recorded here are to 
hare any nJue it mott, tberefore^be otablohed bertmd renaonablc doubt that 
the dtteue ondcr ccnitdcfiftwn ww tnie aprve. 

t>tagrroctf ti difficult wben at the outlet it has to be admitted that we do 
not yet know what aprue k. Tbe lamUiaT biochemical, hacitotoloffical and 
rmdidopcal tat* employed foe faecaJ fat, *iac£»c.ttdertoce, amcmia. «c., hare 
little or DO a pe ofi c ^1" a* they funuth no endence of the initial pitholoufcal 
Of bioebemteal le*ion which nutiafed the pr o c e **. They nay prtmde mderice 
of ir|tofTT«l nabbwptton but tb* cannot be aaid to e*ubl»h dapwal* of 
tproe amce we are not by any mean* lure of what we are trruiE to otaMnh. 

It would appear irmkattl. therefore, to use apme a* a dagnoctic tardiiick and 
to employ *och terma aa para-epruc, pre-tptue nornropicai »prue, «c. until 
the standard of focaiureineiit hii iladf been accurately defined. Ph diagoosty 
of iprue n unheaitatioffy used when the combination o( dmiaU fatare* and the 
rwulu of UboraioTT te*t* (and uauaUr a pronounced detrrte of abnormiCty n 
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insisted upon) together conform to a traditional pattern — that of the fully 
estabhshed clinical picture formerly presented by the European sufferer 
domiciled in the East But it is fair to say that in cases which have not reached 
that degree of development traditionally associated with “ typical sprue ” the 
diagnosis is still bounded by the conception of the disease m the mind of the 
diagnostician Developmental phases of sprue must mevitably exist and not 
the least important of the observations made in these three outbreaks was the 
existence of varying stages of development from mild prodromata to the severe 
picture of sprue itself 

The observations recorded will, therefore, be discussed in the foUowmg 
order (1) Clinical features, (2) Therapeutic response, (3) Aetiological factors 

(1) Clinical Features 

These compnsed (m cases all of whom were suffering from a first attack) 
prodromata of lethargy, weakness, anorexia and gastro-intestinal upsets , later, 
diarrhoea, particularly matutmal, and abdominal distension , glossitis, dys- 
phagia, and, in a few, angular stomatitis and apthous ulcers , loss of weight 
from moderate degrees to emaciation , anaetma, macrocytic m 40 per cent of 
the British and 62 per cent of the Indian cases haematologically examined , a 
tendencj' to achlorhydria and hypochlorhydna , flat curves in two and a 
low curve m one of the four cases exammed for glucose tolerance , an absence 
of frank tetany but frequently occurring muscular cramps which may have been 
associated with hypocalcaemia , and signs of a malabsorptive vitamin Bi 
deficiency m a small percentage 

Two mdividual features — faecal fat values and the tendency to watery 
stools — call for detailed discussion smce many observers consider these to be at 
vanance with a sprue diagnosis The lack of uniformity of opmion m the mter- 
pretation of faecal fat analysis is well known Stannus has drawn attention 
to the numerous physiological factors mvolved m fat metabolism which must 
inevitably affect the amount and type of total and split fat excreted and which 
no analysis yet evolved takes mto account , he tritely observes, “ When the 
lower limit for normal faecal fat is given as 10 per cent and the upper limit 
as two and a half times that amount, it is obvious that the figures we obtam m 
sprue m the ordmary way can be but approximations ” Nevertheless, various 
authors place the “ sprue-level ” of total faecal fat at figures varying froih 25 
to 50 per cent and even higher , others attach more importance to the amounts 
of neutral and spht fat In attempting to reach a conclusion m a series of cases 
m an early stage of development, the important observation would appear to 
be whether there is consistent evidence of any abnormal excretion of fat (and 
carbohydrate) irrespective of arbitrary “ sprue-levels ” to which advanced cases 
may eventually attam We know that m sprue an excessive excretion of fat 
t ^ough failure to absorb is an essential feature , and that the faecal fat should 

e u y spht since there is no failure of pancreatic function Accordmgly the 

ollowmg mterpretation is based, not on “ sprue-levels ” but on the accepted 
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bdrtf that ttoob wtach contiln more than a quarter of their dried weight of 
f>t are aboonnaL 

In the tbtnre three OTitbreaka the atoob were mainly pale, watery fermcoting 
and contamed an eiceaa of undlgeited carbohydrate material wools of Indmi 
ctaca were more watery than thoae of British cases which tended to a more 
pasty or penidgy coniatenco. The m^onty of all stools were greasy to the 
naked eye and n u eroacopkaHy ahowed an excess of fat gjoboles and fatty aod 
crystak. Where aoalysa was poatiblc there was foond in the majority an amoortt 

of total and split faecal ht m cxccm of that which is gener^ stated to be 
normaL These features may be said to afford true eridaux of an abnormal 
fat metabolam and e jcret son at an early stage in the disease. To any obJeetKu 
that the bccal fit p erc ent ages as a whole were not as high as those recorded In 
estabhshed sprue, attention n directed to the findings m the following (a) 
Case 7 Outbreak I totil fiecal fat 40 per cent, of which 90 per cent, wts 
split, fotkming an intake of only 60 grammes of fat daily (k) Gnr B.^ Outbreak 
U total &ecal fst 46 per cent,, neutral fit 2 5 per cent, fatly tods I7'5 per 
cent., soaps 26 per cent, (r) Lseut. C. — Mocdlsncous cases total faecal fat 
42 per cent, of which 78 per cent, wat spirt (/) severe cases found in a Calcutta 
bcMpital to have total faeral ^ of over 50 per cent, arhh excessire spfattug 
Tb^ sitalyaea are cxxmsteot with those found in sprue and n ts not pru p oaed 
to define (Terentiy the ocher cases anth lower (thoogh itiD ahoormil) faecal 
fit readinga, but with idearjeal dgncal features, who were affected in the Mine 
cress and ""rf* si the wn-w time and eapo s ed to the aame conchuons. 

Pale, watery diarrhoea b also not at variance with a sprue dagmsb. 
Sereral other autbon have deicribed thia watery stool as occurring b certain 
phtscs of sprue, ootablj FataiXT (1930) and Mimbon Dihs (1940). The latter 
describes tbq akemxtive type of stool n *' evanesc e nt, w itci y pale and fer 
meriting with undigested food and. as a rule, an abnonnally larp amount of 
oil and fatty sddi.” Cook (1944) refers to the watery d mibo ea m his esses 
as justifying the bobtioo of the duease ** as a syndrome alhed to sprue, but 
be a careful to note, " I hare, however seen stools exactly Hke those of cltsshsl 
sprue, pale, frothy bulky stoob faD of hi and fatty aoda.” Several fsctoci 
came to Tight during the study of the abtrre cases which go far towards exphonlng 
thb Ttnant of watoy dorrboea without bvobng a different actKilogy rh 

(1) Cook mentioers cxccsa of carbohydrate fa Gujerai dieti ts a possible factor 
an opunon with which I agree a preponderance of carbohydrate (over 70 per 
cent.) was noted m the Indian tro^ diets and would tend towards the pro- 
doction of an imtant fermentaliTe stool with an excess of undigested defarb 

(2) the daily of ht was higher absolutefy and relatively o Bntbb than 

in Indian troops, and the stoob of the former were noted to lx more pasty and 
pomdgy In the latter (3) lack of availabJc mmcrab, espeoahy caloum, 
was probably an important factor the daily intake of caldum was not inade- 
quate but after days or week# of thanhoea and diminishing sppctite it » probaWc 
that ensuing mtestbiJ huny pemutted very Gttk of the ingested csidam to 
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tint * corabmUkm of clmicil fe*turc« <rf «udi *n atreroe t crg i t y tppmma 
only to the tdvinccd tprue mfraa The nnlj uxl roodcntcly affected 
in the three outbreak* conformed to Nath* ■ dcacnption of para-*pn>e aod 
theae retpooded more qmckiy to tr e atm e n t. But h b eqoilly true that men 
from the nme tnu£* (Bntuh aod Indian) and affected at ^ —rryi time as the 
fermer who were untr e at ed , or partially treated, or who were obiijed to coo- 
tmue the same dietary regime, event u ally developed features iodatmgiushable 
from true sprue. As an example, Oase 7 (Outbre^ I) wta a gunner m a battery 
In which the m^onty auffered from mild aymptoma only be himself cventuallT 
exhibited a red, peekd tongue, macrocytic with ILB,C. cf 

2,100000 and C.L of 1 3, a flat glncoae-tolerance curve, gastric achlorhydria, 
a stool snalyait showing total faecal fst of -10 per ^ of which 90 per cmt. 
was split, peripheral neural signs of a vitamin deficiency and a leas of 
49 Ib. m weight. Whilst oue ml^it rcasortably dlffcrentate the mild and ser ge 
cases by such terms at eaiiy [srval, or even scute sprue, ft is fmtioosl to use 
the term para-sprue If by tKvt {a Impbcd sn entity dKiitwv from sprue with i 
different setwlogy »nd pathogeny Recognhablc phases fa development from 
mBd farms to the severe boaposlixed cases have been described previously 
For the reasons given it ■ trmioaal to favoke a different dagnosb to erpiafa 
TtmtIocLS m a dbease m wtuch the fundamental esaem tab were identKa] 
and fa whsdi such vanatsoos could reasonably be artribuled to degrees of 
devefapmeot and vcoodsry fictan. Dbaunlbr m appearance u these earl>g 
and Itfg phases may be, they oergtbelcsa ahcold be regarded a stages fa 
der elop mgit of tropi^ sprue. 

(2) THEWU'ttmc Rnp*cr«. 

The response of the cases to parenlenl and oral gude Irrg citnct, oral 
vitamm B*-complet preparations and high prcton, low fat, low carbohydrate 
<beti was precisel y idenbcal with tbit obtafaed m sprue denoting, by earir 
dbappearaoce of symptoms tud restoratam of Dermal intestinal function, that 
the patbogemc mechamsm thus capable of correctioc was the same as m sprue. 
Whie liw was the “ sbeet-anchw ” m tr e a tment and the boghlened 

rnp o os e of those who wge given the extract parcntcrally was such as to indicate 
the cxbtcnce of a defiricncy of certain components fa crude livg prestranbly 
fractions of the » if m m B, ccmpla. Tbgapeatic response may therefore be 
said to have supported the contentioa thst the syn dr o me was sprue, and to have 
tudkated its deficiency nature. 

(3) AmoLooicii. Facto*!. 

It ts behered that there was a primary causal factor and several secondary 
or contribatcry fretor*. The pnmary factor » considered to ha c been a 
deficKDcy of vitamm Bv<omplei component* due to prolonged dietary 
inadequacy Support for the dcfiaoicy nature of the (E*ea*e lies m the folkjwiiig 

finding 

1 Tbo BTodnane J octflacd by Satom, CHAUaoai wal Rai Cescnavai, and Oc* 
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( 1 ) In totiih ciae» in the fim Ktd womd tunbieik* tfa*re wi» *T»iWjfc enttoce of il* 

^e*Mo of SD exccM of conbokaao* fittty fbodi Did the hner eontnlm* » thi 
gJgTttrbTfaxfadcLfca trrfaarg al T O - timjI tji with dUfrfifM mA 
or did they *diljiioo«Ily aod tpcoficaOy etSta ettrt of metJwJic ? It k 

apportom « thji |w»etw» to rrfer to *• ttesjiy odTBVxd by Sxi-TO* (1W5) miodi k 
kt turn bncd cn tne " fit^Tty add of paiUiion hjpothwii of Puzn (1838 1840) 
^Am tnd Stewikt (1830) The taaEzm of the theory b th*t tha »-eniyine» ahkh 
eatifyw tha proce* of p ho eph nr y tum piotwhly t uj tody eer tt m £r»cd(«a of the Tfi»Bto 
^ frmrJrT , which ara peeaint n criKfe Hrer «iti«a that gir^erd, ghjcsa* and 
fatty acid* an depa atdet fl on p hn ap fartyktim £or thatr ahaoepwa by ttte kttcodul 
aa cppoacd to nevtnl £ct tod each ccrbohydiatca aa f t wao ae which may ba ahaorbed whboot 
phoaphorylatiaa and that Uhtre f tl{b ptocaaa thnwish lack of theta Tttamfa co-cnarmei 
leada to an accuiaiilatioo firat of pr»»V»a +K^l fatty adda and flucoae, and aecoo iar uy to 
noo-ahaorptlQo of neutral hct and otfaet cvhofaydtatea daptiratioo fdlowt 

througli fti a fka i tdth uuji (atty adda od the hanatkio f ttb-^ww aoapa, wfaDtt pboa> 
phojua drpietian reauha frea n d e f e tui ra pboaphoQpid fta nj adoa through fidhtre of 
pbcaphcoytatiocL If 1 nndciarand rfab hyindreab correctly then tfaa laqolianciitt of tfat 
operative cnrruaawPta of tba »lf ■’■n B* arc ra lwi t td tha wsoant and twrnie 

of the fatty aoda (nd earbohydiatEt) ciwwiauetl by the individiial «d that tdlh Cat 
diet, or oaia naitalnnt thoae perdeuiar laity adda «h}d) hara hjgfa pfaoaphotylariao 
ToquhTDieDt wQI ttor w raj p eop oimmtel y high er " co t ai of tfaa uptiati ia r l i imtn 
frartk ca fiar their te exnwt abaorptkzt. 

Than b no doubt that cha peoiBir fiwty tegmOena of tha dxo in Britbh caaea 
rmiwid p ti tt o -entgrtth wltfa twtaieg aooiaia, tYaT*~^i aoeithns Gn aeaoa caaa) ttd 
dt a rilawa , and th er eby oxttnbuKd to the ik Be fanc y ayndraina by tfab m a ch a ni a m aicaw 
tha e nt ed tw n O uihnak I waa ao acute aa to wgscot that It wai the doe wirimt pnc^MOi^ 
factor But It b aho (UScolt to eacapa tba CDCrkncn that tha matabobo dooaada of tba 
lafh fcty aod cuoaitu of the <b«t were aoch * cotdd not be met by cha toadtqa rta 
“ ctwtt ** of t imiiln Bt etamlet, Whether tfab waa rtiidw to the mcd faa pm m v 
to c e r trin kwlf ^fci.t Ubj acitt ■ Q« known. Padhpea wan not mdkfab for n sulyiii 
tdfaer of the e m ti f T M fatty adda (ngaitrirl In the r arim . or ef the boy aeada pieacBi 
Id tha ttDob. Svteh an ktreKiacbm tnay e^ntuaDy ahoir tmt crrtaiD £ea nqube opthaal 
af f i il g B( Eractketf far tb^ phiwyJaiirybneai. Wh^ It a tba 

bread aetkdc«r of eprea ttan Itt pat hofc B y wbkh b the aife^ of theaa aceea, 

atleotioo b dtneted to the empta^ giam by Bikh (1836) and Brvona to the poaalUUTy 
rtf ■ t f«r n in ( j ij i Hi rki) mr y be acbvwly liopGcaied in the abaorptkn of unaaturated 
fatty by tba oxteoaa. RRuflceia awl n low i nk add an abo be heml to 

ba ** camera, nd may be ceaicenaed b) tbe rfwwpf rayhtlm of glucme atd 

glyceTd cn «>»h- thaoepdem bneo tba faifaahnei, Th* k>w at JwuU of rfaodarki and 
rriifTOTi- add at tba fnrm fa tfaa aac c aad and third oUthrraka hen been dacmaad. The 
tmoona of pyndoxin in tha ranota tmed and otbrr f»d» ar* not known, but only icaail 
qoaialtaa cf tbe comoaoly known a otute a of pyndmtO aaued, and rooda with hi(h 
Tikra mm rfl peamt Md liniiad eda, cgx ytik, krer etc.— atn afaatft 

fttan tfaeia dicta. ..... j. 

(2) In Imlka troopa not cetlr wwa the daDy cakrie ntaa of tba diet hifb. but ow 

waa of hamio-carbotiylnta mhahnra Caifaotydnae t i -amlr nt ed orer 70 

per ^r of tla fcrffa- Sia.iwcrt theory Inclade* bci of phoapfacirylaaoD of earho- 
hydm (ffuenaa) in aprae chiouffa ktailwyirta nt a mln B, conpkx con yooea^ 
amcarUEn (1841) abowed that in peracan aabwttisy prtdoenmanijy on earbobydiata 
diet, feanma attilbatBliJa to ribofleiwi and nkctmic add defldenciea wen apt to anat 
rmlr^ hi^L cDTCT of ritamin Bf manplo waa provided. 

The or oaUnb utoty aatedngiral hatn cmimeTatcd “xwe wetam^ 

TkhMDy «i ecffcanxly ao propounoed aa t bera iV-m a nfad , cn lenrral nutnOcnal 
bdffaicwd TUniD int^ ttUtar than mxdmaf cnc. 


I tccwfa h ot ymii t U L 
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i mptl c at ed — when these hsTc been fimDy doadited— would be prefenblt 
(Certilo Americtn tnthorlties now cjipico B iviUnunosi* in terna of fint, 
second, third, etc, degrees of dinicil involrement, resemog for the «irth degree 
— tnd m psrenthesa— the term beriberi.) The wnter m Indis, u»ed the term 
Milnutntroo Vftim u B complei dtf ocncy ” though not in tecordtnee 
with the Wtr Office I^omtfuiatmrt Du4«s*s C ippcsred ptefcrsble to the term 
rpnie ” in th*t rt serred for all degrees of aeventy and. In the rrent of ciKi 
being trsnaferred to other bospitala, wsa expiamtory m terroa of aetiology tnd 
the therapy indicated. 

Objertion w*a occaKnaDy rolced m India th«t the epidemic nxltire of the 
draei t e wsi rtadf x cogent argoment agslnst a apnie da^oaa. Nererthriesa, 
before the war the matenca of apnic areas,” and apnje bungilowa was 
recognized. It ahould be boroe m mind that during the psat 5 years large 
tracts of Inda and Burma hare been inhabited by tena of thouaanda of Bntiab 
personnel where prenotaly a mere handful existed factors which fonneriy 
wcnld hzve affected a few only hare recently had the op p ortunity of affecting 
thcMtanda, HiatcricaBy unique an cpidanjc of sprue among Bntiah personiKl 
may be, but the the and the coadiUoua of the nuDtary ca mp aign were tho 
onlque. AMien all the facta are renewed these oertbreshs axe no more ben ndedng 
than were the first repoeta of the epidemics of beriberi winch afflicted Bntah 
troops in Meaopotamn during the war of ]dl4-]S. 

The tyndrorae deaoibed may be a dbesae at tay time that 

It may resuh in a aenoua drainage of man-power dunng a campaign ta reflected 
in the fact tht these ootea refer to apprecnmatelr 3 000 cases, mild, modente 
and serere, which came within the orbit cf the wnter donng aemce in two 
areas only 

The ibove obscrrstiona vuppcit the riew that tropical sprue ng fatiy bclonga 
to the (hsesset of malnutrHkra and inihcale a means to ila prerention. 

SUMMARY 

1 Three outbreaki of sprue m epidemic pfoportioca are deaenTjed. The 
affected personnel were Bntiih and Inihan troops in Burma Campaign, 1J43-41. 
Induding all degrees of semi t j approxunatdr 3 000 were affected. 

2. The majority suffered from a mfld or moderate form, conforming to 

tK»t recently describ^ ta pars-spnie but as cases from the same tuula and 
areas derdoped serere sympCaina clinically mdiatingmahable from true sprue 
the IS bcGered to hare been, aetmlofically and patbogenjcilly the same 

throngbout, sprue. There was no tbacermble fundamenti] tfaffamce 
bctwtui Bntiah and Indrso cases. 

3. The fettuTes m genenl were identical with those trsdrtionallT 

aasociated with sprue. The notewortbr rananta were the watery more frequent 
and less bulky ttiyl*. and their lower Ut content as compared with " typioil 
spcTK. Factors reapooaiblc for these rarlations arc considered to hare included 
the duralkm of the diseaac, the amount and nature of fata (fatty acids) and 
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•raiTi a tvtuA 


£«u) WTth milibMrptkm umI danhoet, tnd hIm with refcrtnce to STJL'cna'* 
hjp<xhem tlut ipu« 0 the cxpre»k»Q of « fiflore of pbo*pboi7l«wo ctf gJact-e 
ind ftttt modi ihrotigh bti of co-oniyrott which otal^ the proce**, th<« 
inchtding cerum and o yet un^woficd fractions of the ntaimn B* coinpJex 
The TtUumn B, complei wld/arbohydnte ratio In the cases described 
lends soppoct to the tbeoiy of eoch a mtchi^m. 

7 There was no cndence that the developroeiit of sprue wis dependem 
on an Infcctire agent, antecedent intcMmal disease or *' mberem metabcGc 
ernxi. 

8. Tbcrapeutic Topcrose to modem ap roe therapy was proDoonced and 
fupported the dngoDtis. The bdghieDcd rtspoose to erode lim extract gtreo 
parentenlly auppocti the new that sprue b assocuted with a deficiency of occ 
or loare aubstuKea present in Irrv presumably fractions of the ntamin 
B| complex. 

9 That these outbreaks occurred In epidemic proportions 0 not a 
argument tgontt a aprue cOagnosza in new of the favors p i Tofre d . 

to. The obacTTiXiona made support the new that tropical sprue 0 a 
dbeaae of nnlngtraJoD and mdtene mesas to kt prevention. 
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nwrOIOA IH TltSTTE CULTtm 


1 p«r cent, of tb« red ceQi to bo iMrwfclmJ nj tfac bird* kxifced quite bttjtfay but they 
(Bed during the night of the 6th to 7th d«T Btood *n*aT» poetmoctan •bcmed 
^ cent, of iho red ceO* to be porultLcetL Soeen of the brmin iid •ectiauof tb* 

■Q tbowed th preoenc e of nuiaeTOU* ti«o* form* (Th tiwue* w« fin-tt hi ZoikeT 
fcrmol and the a eo fon* »«» ataioed with Otenw or with haraatoxThD-eodD-oitQC IL 
Bdout aod Bemiut 1B3S.} 

The aperkoeni w** irriiwtwi on further tuihey «hkh re cet re d fifty iafeard 

moeoaitoea n ChS rnl of eqial pert* of RAfer* aofaitioa rtilrW ■er m n. Tbe bfid %m 

HWt on tbe 5th day after t a fitgaa n mbcn blood nueai * dai M—l 0*6 per cant, of tba red 
caOs to be paantaed. \ ery trw axoerythiocyiic fonua ware found In tn t«~« Jodffatg 
by tbe pm icati eroemou, kife iiii.ii ■! r uu* t take pUc* la theae forma bct a t a u tba 
5^ and 7th day* arter tnfeedoti. 

Tbe a p lam ww reiu c r e d aaepdaOy «>d plcatad oat in Caml fiaaka rtaing tbe 
daKnbed br H WKCto *rba plana w>* obtakxd ftm fowl «nd tba AttVI pha« 

coaxvtad or Tyrode aohrtkai caatabifag 30 per cent, turkey f now, 6 per cent, chkk 
embryo eetract, three uniti per c.c of pennllm and 0 05 par cent-^tbaiol red. Grmtb 
of ceDi oo e nr re d m oaie out of fouitcau flaafca aat Op Sow eeplanta of bean niua e i a 
and brer me act tm but tbay (aOed to grow Sor^ ar plana of bone umii ow gara 
prqfuaa growth of ceDa like fibroblcata but do pareakca ware aecn m tbem aran wban tha 
g fCf w tli of caOa waa good. 

Tba apleen culture* a,cre mamained for 13 day* t 57* C. artH were anpled dm l o g 
tbii period on tba dth, 5th, dtfa and ISih day Saomfng wm oacriod oat by taenorhig 
tlin from one or nme of tbe A— Tbo allp ni ha adbaimt cahni* «*ia fixed fat 
Sasndfaui'* wfiiti'ai, a rainn j ovc mi ght aritfa aftalh Gbcrtaa (G«an*a 7*5 C.C., methyl 
afcohol fi c.e. 0*5 per cent. e ar fao oa ta 10 dropa, water 100 ex.) dlfftrandaied by 

pctahif tfaroo^ dunta acetjc tod, dehydrated wub a ce tnea and xyM, and eotigntrd b 

P amha awara aaen b aotne of the a w nf < <» tafcrpocmdi day md ril the fiastaarhicb 
ifaowed giumh of aplaea ceO* tin tbowod growth of p enete* cai cna or Bicr* of tba tlipa 
•at up b <A aoBK f the tfape aacay paraaotaa arara mb, uaaaOy lorallii'ri ra 

paTiriwa tt bed bean tbe oae whh P ftSmtrmem. 

J^IORPHOLOG\ OF THE EXOERYTHROCYTIC FORMS IN VIVO 

!□ dv &st no ruikey «4il<4r« dcacribed ibcwc great nombert o£ cjo ei y- 
throcytjc ptuwm were fotmd tn imcan and icctioni. They were rery mniieT^ 
otu In tbe captHanea of tbe brain, bean, ^ommib of tbe bdnej and cortex 


Otmrvj Fioa- 1 TO 8. 

Fra. I — Greokr eznerytbiocytlc aebitenta of P io frWa r from near of brain (Ooa 
» tilM'jif ha* been o o ttort aa nkj 

Flo. 2. £3ocigated f hl rmia n capfOary of the bcaai i dark purple chrocuatio and 

pale bte cytcfilaMi]. Senear 

Fro. S. — aiddicaiea with dark btoa cytoplan and Knafi pale pKtei of chrianatw. 
Senear 


Fto. 4 a; eapdary of brain from turkay ined Co tnaitc cahmaa. 

Parkin aectioa. 

Fio 5 — W-' l -irxt fnxn haag of turkay uaed for da* Jt adtara tbci* i* dear waa hi the 
centra of tba p ar aahe Paiafl iB aection. 

Fra. 6 — Fii«H jL lin a ytlc focm m capfllary of ba afa . CrUfad i n »ect ion. 

Fra. 7 — Large m capfOcry of the bakn, cut in Uamt a r aaly to *bow tba 

artangoomt of uinjluced layata. CciUdlD aectioo. 

Pku 8 — ^ T«fT n-ll'la^aanf^ e^ to aectioB f heart. CeQoldin aectMO. 
MagtdScadoa Flga. I*& X 1X50. 
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1 r ..j. pelloidiii secDon 

-Sch^m. «.l. ™to-”.rozo,» .n 


X 1,250 

Qjn 

from celloidin 


o£ *e adrenal, , drey rveie ierv to MtMn lunng “ 

s:;" - ”:e?t 

nres^aUv a few must have been present ^ they were seen m the 

ussue culture cxper^ent, to^'and s^^n hut not m the heart 

brain, kidneys (capiUanes of the tubules), lungs 

or marrow 

SMEARS more 

In smears, the forms found spkln were arcidar and so 

pieces of chromatin Forms found m n,ost of those found 

were a few of those m smears of the bram (F g ^ forms 

Tsmears of bram nere sausage "^^ied by ^ate 

dosely resembled those of P rheir Fig 10) was not seen 

(1938), but division into cytomeres ( ^ amount of cytoplasm 

Some of the forms had abundant chromau 
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reOTOIOA ur Tissm CULTTTJI 



FiO. 11 -HCJnvp of TT«n jMJitoi wTtb ooe or tm pmrt f cfunuUi, fm dans 
o j fa if o. T«o panatct caxota rtcuoks. 

Fio. 12. — l-TjT fonjM vicfa two or fin ptctc* of cbronutki. fnxQ ttwc cuhum. 
Fhl 13 — LcTfv •cfdtcDt. abowkif dra ams 

Fia. 14 — O chiim t binkzw tip tad Ijbt ntj ag oitu o-toet ujuhtM . 

Fra IS — Orcay of ru f ioarwie *. 

Mac^ifleanoo of Flga. 1M4 ahowa by acalt (Fir- H) 
u T 


fa* 11—14 



Fig 16 — Group of small parasites m a cell m tissue culture 
Figs 17-18 — Larger parasites with 2-7 pieces of chromatin 
Fig 19 — Large immature schizont 


To facr page mO 



Fh: CO — Lwve »ch(Taro •hwinii clw 

Fto I — L«jtt n muK tcftoDot. lo mhtcii rnerr umr ct »Tr hrmt ftxTned 
Fw 22 — ^cbanm librntmt gpcroii gnito i i r*. 

Tic 23 — Four or more lini mCTtr««i imup of «n» 

\i 0 Ftp! 21- Mvj 23 the ptnsfUi b m tlifT raa cn kjJ pun’s n pfucnrnphi het 

bc f ti ^upe nm povTj 

Figt I8-J 
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Staining pale blue (Figs 1 and 2) while others had a great amount of cytoplasm 
staining dark blue and only small pieces of chromatin (Fig 3) But it was 
not clear that these nere two fundamentally different types of schizont, they 
may have been different stages of the same parasite, or the difference m appear- 
ance may have been due to different degrees of flattening Fully formed 
merozoites were not encountered while examining the smears 

SECTIONS 

In the sections, only the more mature stages of the parasites could be 
distinguished mth any certamty The appearances in general (Figs 4 to 10) 
resembled those of P galhnaceum as described by James and Tate (1938) 
In some forms (Fig 5) the rounded pieces of chromatin were arranged round 
masses of cytoplasm (James and Tate, Fig 13) and in others (Fig 7), the 
schizonts were arranged m involuted layers mside a capillary (James and 
Tate, Fig 18) Forms contammg many " macro-merozoites ” arranged irregu- 
larly inside a capsule, as depicted by Huff and Coulston, 1-944 (their Fig 
64a) were fairly common and such forms were more prominent in the sections 
than they were in ^e tissue cultures (Figs 8 and 9) Forms consisting of 
" micro-merozoites ” (Huff and Coulston, their Fig 64b) were seen only 
occasionally (Fig 10) Some of the capillanes contained collections of small 
parasites which looked as though they had only recently been liberated 

MORPHOLOGY OF THE EXOERYTHROCYTIC FORMS IN TISSUE 

CULTURE 

Many different forms of plasmodia iicre seen m the cultures and the mam 
types will be described m the probable order of their development , but since 
one particular parasite cannot yet be followed throughout its whole hfe 
history', the cycle of development can only be presumed at present not 
actinllv proved 

1 FOKMS with one PIECE OF CHROMATIN (FlgS 11 and 16) 

Tlicse were usually rounded m shape and varied in diameter from about 
2 3 to 4 5/t The chromatin was irregular in shape and sometimes angular, 
usually It measured 1 5 to 3« across (Note, all these dimensions depend 
grcatlv on the degree of flattening of the parasites ) The chromatin stained 
enmson more or less darkly sometimes the outer part stained more deeply 
than the centre In some of the parasites the chromatin was elongated or 
shaped like a figure of eight as though it were in process of division The 
C) topla^m stained pale blue , many parasites contained one or more small 
vacuoles which mav represent a degenerative cliange In many of the para- 
sites also a small granule, which stained dark red or brown, was present 
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PROTOZOA Dl TIRSD* COT-TITir 


Dear the chroroaaji. Pmumably the*c iorjut deidopcd from the mcroiDiia 
After they entered a new bon ctl They cWly roeroWed tbe raallar »Qgo 
of P gtlhnaceom or P renefum. 

1, A^^*lT. ACHUOVTB WITH TWO TO TWtKlT W kt o? atAOMATTX. 

(Fig» 12. 17 18, 19). 

Tbc*c rvere ilmllar In ibelr general feAtme* to tl* fonnj with one piece 
of cbiuraitjn from mtuch they are ptmimAbly deifred but n%cT»I piecci 
of chromitm ncre pi t o a t The cytoplann ftalncd brigtit Hoe ind w» 
rclAtirdy AbundAo; aanpAml with the cbrtitnAtin. cjpecijly fai the unaner 
foora. VAcuoles and granole* may be pment In the «m«TW fomn 

3, lAAcz samcrcra wrm uoma Tn«< mtstr mcia of atacoj^Tiv 
(Flga 13 20 23). 

Tbeae were round or oral and meamird tjp lo 20^ in dbroeiw They 
contafned up to KTcnty or more pxen of dutanadn. The chromanti ma«fi 
tttlned dark purpk and were rounded or rUghtly era] m ihape. Except in 
die rmaner forms the cytopbam was samty and dlficok to dbtlDguHb 
UnnQy it teemed to be coacenirated as ttdn esrelopes round the mMei 
of chnNuadiL to tome of thne tchizonta, ooe or more clear tpaces mfgfat 
he ditaaoflJe, at «lth P gtffflisacnnn 1945 Fipx 10 and M). but 

they were aeldoca larp* or coo splaw w, and die ehrotnodn aiA«te« were not 
arriujged round ihnn In arty rety regular way (Tljx 13 20). The»e fonm 
were much kt* commoo or consplcDom than they 'rere nnh P gaZCnacfw 
and toroewhat leta commoo than with P relirtifrn The rciarion of thete 
foTTttt to thote detafbed In 4 is not dear 

4 FomsM Df wniCTt stiKwotrzA a« roxzanuxmTZ) {Fig 21). 

Thete rcicrablc the ptctiouj formt fj) m chape and sire but the cytepia*' 
mic en elope round tome of the piece* of ch/t>niaDa U affictentir eell 
marked to form pre-incroioitc*. The laner ate moally cjg-chaped with 
the chromatin at one end. but elon g ated fonnj «itb the chromadn In ibc 
middle tkcre teen in tome ca^ei. No dtfirute arrangetnan of the prt* 
mertwoita was teen, cr c e pc that thote near the oumde tended to be 
arranged dbmmfcitnriaHy The forms seen with P reftcftmi In ahicli 
elongated tDeT07tiite< were arranged radially were not wen in thew culrure*. 

5 rotui cwOTacorve tcaizocoYT (Figs 14 and 22) 

niete forms aeit timflar to tbotc f the U«t paragraph but some of the 
ooicr pan of the panmte had bttdieti down Ubetanng merozorta before 
and dunng dm procts*. 
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6 FREE MEROZOITES (Fig 15) 

Most of these consisted of a rounded mass of chromatin 1 to 1 5/t across 
sometimes the centre stained less dark than the penphery The cytoplasm 
surrounding tins was often arranged to one side, forming a round or egg- 
shaped mass 1 5 to 2 5/1 long by 1 5/i wide Presumably these i\ ere rmcro- 
merozoites Occasionally larger forms were also seen, in which the chromatin 
ins about 1 5/j across while the cytoplasm was more abundant and measured 
Up to 4 5 yi 2 Iji. These resembled macro merozoites Apparently the 
merozoues enteied adjacent cells and became the forpis with one piece of 
chromatin desenbed in 1 The merozoites did not seem to be distnbuted 
at all widely from the point at which they were liberated , and multiple 
infections of cells (up to forty-two m a single cell) were common Similarly 
the distribution of the parasites in different parts of the culture was very 
uncicn In some parts, parasites were very numerous, m other adjacent parts 
they were rare or absent In these features, the cultures resembled those 
of P sralltnaccinn and P reheUnn 

Degeneration of the host cell, due to the parasites in it was rarely seen 
although presumably it sometimes occurred When liberation of the 
merozoites occurred the host cell was probably destroyed, but this was not 
certain It is difficult to believe that forty-two parasites could complete their 
deiclopmcnt into large scbizonts inside a single cell In Fig 23 a small 
group of cells is shown, which is oaergrown by a mass of four or more 
scbizonts so closely pressed together that the outlines of the individual 
parasites arc almost indiscernible In an adjacent part of the same cultuie 
there was a large blue mass (measuring about 90/i across), m which the 
outlines of degenerate macrophages and numerous parasites could be dis- 
cerned with diffiailty suggesting that the parasites had become so numerous 
as to cause degeneration of the cells and consequently of themsehes Similar 
appearances acre seen in other cultures 

DISCUSSION 

In general features these tissue cultures of P lophtirac resembled 
those of P traUinaccimi and of P rchdtnn which hare alreada 
been described Tlic chief differences from P ^alUnaccttm were that the 
large scbizonts with dear spaces (presumed to be stages leading up lo 
schizogoiu) were less conspicuous with P Jophurac th in with P gaUtnaceum 
but this difference was not enough to separate the two parasites and morpho- 
logicallv the c\ocr\'thTocytic forms of P lophiirac found in smears and 
■sections ncrc indistinguishable from those of P gaUinaicimi Compared 
with P rchcluui P Inphurnc showed no evidence of radial arrangement of 
the pre merozoites inside the almost mamre scbizonts 

Two kinds of merozoites c-ic macro and micro-merozoitcs ansing from 
CNocrethrocMic scbizonts ha\c been desenhed In Huff and Cociston (1944) 
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and by Mumcm- and RncuDrow (IW). The lantr norkm hehc\c that the 
mfcju-mCTOzoiiea pamhue tiatoc edW, irhUe the micro-mcroioltta paiw'Mut 
crythrocytw. S chtra rta of P lophurtu amr^pondlng to tboc r»o Lwh of 
mcTOzoita were icen m the Kcdau aa noted abore but il^ charanermBoo 
of tbeae forma m mtoc culnire preaenu cenain thfficoltie^ and not be 
diacuaaed here m detalL Merazoitea nerr acen m many of prepaaiKM 
and in great numbeia. Moat of them bad onlf acanty cyiopia«ra and care- 
•ponded to micmcDerniDhci ai dcacribcd by the ab^c wotkea rirallariy 
tbere ueje many mamre acblzooa contadning numerous pierca of chrocatm, 
and rei^dtely bttle cyioplaam. ue irhirooa de%ekiping into roKTo- 
meioioiict. On the other hand, tncroKdtca mth ahondant cytepWm. f 
macro-merozoJtet, mere much le*a caay to identify they Here difflenh t 
diatmgnkh with certainty frocn fonm which had entered a new how cell 
and had begun to develop aa young iropbotxatca. Slmnarlr achlzoon leading 
to macro^erteottea were abo difBcult to idennfT with certainty which rt 
m contiait to the prominence of tboc fomu id the fection^. The long 
tauwige-ahaped patawtci »een lo ihc capaTlarie* of the brain and heart bcec 
not reproduced in the rivnie; culmm. 

The ready growth of the ejcoerythrocync form of P topliur^ m uwue 
culture lUppOTti the goterallzaoon made In previotu papen of thii redes 
that profaaUy man or all onUra parante^ which grow n macropbtgei or 
slnnlar celis ihoold be cureepdUe of culd ation hr rhi< technirjue. 


SUMMARY 

1 In ceafiroudoQ of the report hr Powrz* and Ladu> ctoerTthroeytk 
forma of P hiphtme ha e been demonstrated br inoculating roung tuHtcyi 
with fpororoites of this platmodiom 

2. Tbeac ea uei tth r ucy ti c forms ba e been grown in ti sue culture. 

3 The morphokigy of there forms in nro and in tisaue cnlturts b 
described and illu^trat^ The forms dorely rrremhJe the cioeryihroCTtic 
forms f P gaiSnaentm 
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POLYMORPHISM IN TRYPANOSOMA SIMIAE AND THE 
MORPHOLOGY OF THE METACYCLIC FORMS 

BY 

A T CULWICK, M B E , (OXON ), 

, AND 

H FAIRBAIRN, obe.md.dtm &h* 

Ttnde Laboratory, Tanganyika Territory » 


The blood of a horse infected ivith a polymorphic trypanosome was mocu- 
lated mto a sheep, passaged to a second sheep, and boxes of clean, laboratory- 
bred G/osnnn were fed on the latter animal Mr F L Vanderplank, 

of the Tsetse Research Department, Shmyanga, kindly sent us these boxes, 
from which we isolated a fly, QMI This fly was fed on Monkey 711 on 
16th May, 1945, and we transmitted the stram cyclically by G morsitans m 
Cercopufiecus monkeys unnl it was abandoned in November, 1945 

We had been trying to obtain a strain of T brucei, but the trypanosomes 
in the first monkey’s blood were so different from the usual brucet picture, 
and the morphology of the metacychc trypanosomes found on slides probed 
on to by infecteA flies were so unusual, Aat we dissected a fly, and found 
trypanosomes only m the stomach and probosas A study of the literature 
confirmed the fact that the strain was redUy T simtae, a conclusion supported 
by our failure to infect rats and guineapigs 

The duration of hfe of the nme infected monkeys, calculated from when 
the trypanosomes first appeared in the blood, vaned from 4 to 6 days, with an 
average of 4 7 days,']ust long enough to secure a fly transmission From many 
of the monkey hosts we took daily thin blood films from the time trypano- 
somes first appeared m the blood until the ammal’s death , and so we had 
ample material from which to study the morphology of the stram We attempted 
to passage it by fly throhgh goats to study the effect on the subsequent virulence 
to monkeys, but all the goats failed to be infetted , 

• We have to thank the Director of Medical Services, Tanganyika Territory, for 
permission to pubhsh this paper 

K* 
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The crypuiootiKt proeot corretpocKfcti my cJotefy fn ihcir greeitl 
niorpbak>gy to Haur** deKripdo 9 (Haute, I936i. 1936b), «nd oroiifcd of the 
three type* he mentiooed, um^y the d»«rici] rmi*e fonm, long aod 
•toot with a welWcTtloped uodulattog manbnne, the »leoder ffcodeinUike 
forms with cq ttttdcrtloped memhiaiK and the congoietue-IDtc {onus. 
The dankal nmue form predonunated In all oor lEdci, the pro- 
portion of rAo<£ffm-irke forms Sttcmaicd comlderabfy from nearly mo to 
*hom 24 per cenU whfle the propordoo of rhe eortgoAmseJILe form* also raned 
thoogh they were oerer namermts. This b la coofoTraltT with Horar'a 
findingt. 

An attempt was made to determine the sign of the cleancal charge earned 
by the trypanoaome, by the thhv-G!m method described by us (FAiaauaM and 
CcLWTCX 1946). but the attracdon or repahloo be t we en the trypanoaome* and 
the red blood cetts was ao slight that the charge could oot be determined 
iccurareiy ft b regretted that «e did not pot up a tuspentloa In the glucoae- 
saEne solurw^ of Baooai, Baorrx and Houix (1936) to see irhetber the ftnm 
was poslaxely or Degithrly charged or mUed, The trypanoaomes were tbtare 
fort mcKnued withetn ajxy dbdnctloQ aa to charge, and the rcstilts are recorded 
La the table bdov 

Tuu. 



C«W*4r«M4ik* hm. 

faun. 

^ Lax nitons 

BjMQrfWnctfa 

•/-IV 

n^-0^ 

n.-3a„ 

Vcca khctfa 

is-rt 

iS-Tt 

lt-0« 

Sfriust «TTgr (jO 

;kecs 

± 0-14 



oos 

0 -a 

• N 


±o-si 

± 0-«3 

± 0-*4 


•-it 

0-»4 

— •-« 


^041 

± 0^0 

± 0-47 


From the statistical analysts It wHl bo seen that the Icngthi of each form 
had a freqaency thsedbunoa which did not depart cgniScutly from cormaliry 
arul T shfOM must therefore be cnotSdeird as truly polymorphic We found 
abo that 24 per cent, of the long, stout forau mere bi a state of dmslon bat 
no Oise was o h serred of other of the other two forms (ftriding The meet- 
cydlc trypanosomei which we foutid on tildes probed on to by infected flics 
were too few to allow of quantitattrc analyib. They contbted. boweicr of 
two types, one with cad ooe whhoat a flagdhnn. the kngihs of those which 
were measured ranging fr o m 10 to 12^ The figure shows camen-lucida 
drawings of typtol forms 
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Fig — Camera-Iucida drawings of the metacychc trypanosomes, of T nimae in 

G morsttans 


DISCUSSION 

In a previous paper (Fairbatrn and Culwick, 1946) we have shown thar 
T rhodesiense evists in three forms, a short, an intermediate and a long one, 
each form occurring as a positively and a negatively charged variant, t e six 
types m all, eacli with a length frequency distnbution which does not depart 
significantly from normahty , that it is only the long form which divides 
by binary fission m the blood , and that the metacychc trypanosomes of 
T rhodesiense exist in nvo forms, one with and one without a free flagellum 
We have shown that syngamy occurs in T rhodesiense, and from a considera- 
tion of geneuc factors we argued that the long blood form must be heterozygous, 
while the short and mtermediate forms — and probably also the two metacychc 
forms — must be homozygous 

We have already shown (loc cit ) that syngamy occurs in T simtae also 
As the typical long, stout form of T simtae is apparently the only one which 
divides by binary fission, it also must be heterozygous, while the other two 
forms must be homozygous 

In another attempt to procure strains of T brucei, we examined the 
lood of cattle at Chungai, Kondoa Irangi District, which had polymorphic 
trypanosomes, and again discovered T simtae It would appear that this 
trypanosome is commoner than has been supposed m the past, and its poly- 
morp ism is apt to lead to a diagnosis of T brucei , or T congolense may be 
lagnosed if the short forms are present m any numbers It is therefore 
essentia to keep the possibility of T simtae in mind m order to estabhsh the 
correct lagnosis m horses and cattle, as these animals may be reservoirs causing 
out r m domestic pigs In T congolense the typical forms divide by 
inary s«on, but the short congolense-hikc forms of T simtae do not, so 
ar as we ave observed , and this should help in the separation of these tivo 
speaes What the reaction of horses and cattle, infected with T simtae, to 
drug treatment is—remams to be estabhshed 
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SUMMARY 

1 Hoaub (mdingi rtj»rding ihe morphology of T tmose ire 
cccfinpcd. 

2. It b (hcmn that T nmxr b tnmoipfalc, and that the Wngtb-dbtilbo- 
tion^ of the thm fornu do not drpan n^niSomtly from Dormafity 
3 Mcticydic form* of T rfmw are Sg ur ed. 
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INFECTION OF MAN WITH LEPTOSPIRA BOVIS IN 

PALESTINE 

BY 

S BTESH, M D ,* 

Government Hospital, Tel Avtv, Palestine 


Outbreaks of jaundice are well known in the Middle East, and speaal 
attention has been called to them in Palestine durmg World War II by 
Cameron, Lefkowitz, Btesh, Kligler et al All these investigators have 
defimtely differentiated this disease (of which the cause is supposed to be a virus) 
from spirochaetal jaundice as described by Weil At the same nme careful 
search for Weil’s spirochaetosis had mvanably given a negative result But 
history cames with it the descnption of outbreaks of such a disease m Egypt 
durmg the Napoleomc wars and m Gallipoh durmg the first World War 
(Stitt, Manson-Bahr) It is al^o stated that the disease is endemic m the 
Sudan and Egypt and on the shore of the Mediterranean Cameron in his excel- 
lent study of infective hepatitis m Palestme makes the surpnsmg statement 
“ cases of hepatitis, asidbs from Wed’s disease which is endemic m that area ” 
(quoted from the Medical Annual, 1944) Thus it appears to have been taken for 
granted that Wed’s disease is endemic in the Middle East, but there appears 
to be no record of cases confirmed by the isolation or the demonstration of the 
spirochaete Nor were we able to find records of cases confirmed serologically 
Not only is the lack of reports confirmmg the existence of Wed’s disease 
in these areas striking, but it appears that when the disease was actually looked 
for, It was not found Thus Alston and Brown '(1937) were unable to find it 
in Egypt, Arabia and Persia, while Kirk (1938) stated that its prevalence m 
the Sudan is doubtful as he faded to demonstrate it follonmg the exanunation 
of 259 rats In Palestine the disease was looked for by various observers 
Extensive laboratory investigation, including animal experimentation (rats, 
guineapigs, and rabbits) failed to reveal the spirochaete Our interest m the 
disease dates back to the year 1938 when a definite increase m the number of 
cases of infective hepatitis was obsened In order to rule out Weil’s disease, 
several exammations, includmg gmneapig and rat moculation, were performed, 
ill of them giving negative results We therefore concluded that Weil’s disease 
IS probably non-existent in this country 

Our interest was renewed in 1944, when it became evident to us that two 

, . * js pubbshed with the kmd permission of Dr HMD Lester, Director 

ot Medical Scmces, Government of Palestine 
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dmiua dtmcil viiktia of infeaiTe f^dta dined, ddtrrendatrd by the 
•cTcnry of the condition, the CTldcnce of itnil inrolTOiKnt, the leococytc 
coont and finally by the progDocu. Ii ww alao ob*c n c tl that the rnoet ac^cre 
ranety appeared In penoni conneaed whh ilanghtcrhouaea — btBcbcn, catde 
faring etc Tbe»e obaerratioea kd to a im al of the Ida that leptoaptial 
jaundi c e waj enttent m Paleatinc On cUnlcal giotmdi tbeae caae* could not 
be {fifferendared from T\a]i 

During thii nme and rnhUc cfinkiana aD orer Palettine mere Inveadgatmg 
the ao*e of thl» diw«, reterinary luigccaa w ci c coo c e m e d with e^iidcmic* of 
jatDwflce in cattle (Farrxnet at IWI FaicxD 1944) In connecdoo with tbeae 
epUepika Bo m r ot r had aucceeded In laolaiing a Jeptoapira which wii found 
to be aeToJogically differentiated from L. ^eroumorr^ginr and L. caiocoU. 
Leptoapiral jatmdicc in cowi had been t e p e g te d from Raam by Micanx and 
AjniTOT (1935) and from AimraGa by Jc iHwa c c a (1943) FoIIowmg tbia d heo rery 
n was decided to tec tbe lera of patienn lecorcring from the k t ci c Tancty olf 
jaundice. Tbeae aera were thoEforc aent to Dr Bxamoer who found that 
tboogfa they contained do agglurioma agamar Z- tcurvhaemorrkagute and 
L, anticoU^ tber ccmtafr»ed oo the other hand a high dtrr of aggluiinma agalmi 
the L. horu boUted from cowi In Paleadne. Aa Icpuwplra war found to be 
nao-patbogenic to nta and guuMapaga. our failure to mnumt the dlac*^ to 
theae hbontoty anrmah waj thta explained. 

Shortly after tbeae findhtga, Caarta and Rsr (194d) aoemded In danoiy 
(tridiig leptorpme In the brer and Udney of ecu of our fatal htmxtn aaea, 
a butcher wbo had developed and died frocn a dhraac clinically Mmtkal with 
WeiTa tEaeaae. (See Plate). In aphe of repeated learehea we were tmaHe to 
bolate Itttng le^iwpirae from the blood or urine of human caaea. These 
findragt clarified the pounoo and made it erident lhar we were deaiEng whh 
a variety of WelTa dlwaw caused by L, fioru. Consequently a couaidcTible 
mount of research wi atioialated all orer the country Sot from all sus- 
pected cases were tested. Paoents who had been known to bare suffered from 
thts were traced and their bloods exam toed. It b unfortunate, bowercr 

that the aggludnatjon dtre fall rapidly and Wood from cauca wbo had r c co rer ed 
from the disease more than I year pnor to ibe examlnadon, garc negirire 
reanhx. Of speenJ ralue was the work of Castkjl and Rut wbo rc-eiamincd 
pathological spcdmcni from the moaeura of the BeHmsan Hotpltal with 
improT c d technique and were able to detn c awttite the preaeoce of Lffiosptn 
m organa of persoui wbo had died screral jari prerioualy The romlu of 
these reaearchca were repeated, early In I94d {Hw^mah 30 No. 5), and are 
summarued In the following table which indudea three additional cases 
obwned by us and not prcswuily leporred. 

At tbe tmw of wrldoa. HEECXorr snocerdsd in Kikdac kp to spfra frecn tfas tatolsj 
of i mm i CM br Dt Nstwvooh S tn JoB fci Dy this le T>m p it a h iden- 

with the Icp so spua isofstad fttaa eoww. (Peraooal ccsmiuflieaUMii.) 
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,1 n liH’h nu>rbulii\ 1 

dunnp ilic \cTr 19t5 ''>n <'f * , f ponnHt'f’i' of Ok 

Tci S ,> «hKU etc f..t the r-t-t In ,.o.,. 

tlninci, ..iiK (tJttr citet «ac tlnpnni' ,„ cM<t nt tin. Altnlt 

mortem cvimimtuin , i* enter*; for n •;imihr poptihtion 

Ho'pitnl of the WnrVxp; Std 1 tint . " ^l,n\c mentioned ho‘;ptt^l 

Thm PAmttMn reported -^in reported h\ rniuATi from 

rturniE itic «iTt«. iicnotl til Iran w "’f Rni ) tin rett etc only Mteen 

Ttlnnt. tnJ one CJ.C In.tn Tc' '\'t Ice ttntl 

proved en'x*; m Pnlcitme m 1945 i 
further itnttstic*; Into to he nmttcd 


' DisTtiliKnios nqjrt 

Thetlnce trattepo""' 

nnd from the Plnm of Lvdraelon nm Jon an indcn Mountnins. Upper 

rnnev-n (1946) No report*; of if; Actunllv the dfct*=c appears 

Galilee or Southern Palust me are as yet aval distrthtition closely 

to he confined to the farming areas of Palestine anci 
followK the di*;trihtition of cow jaundice 
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AmOLOCT 

Whether the kpto»p4i» found m roan b Mendal whh the cow bptoepin 
i not yet deaded, bat tcrobigkal wm appear to show that 2t b ml Od the 
other h a nd thb leptoe pln t fa terokigkally differtnrtaicd from L. cfmeeb, ^nd 
L. tel ero haem orrhagiae Tho* thotigfa coe pauentt »erum agjltirinated 
Bi*Jflcorr’* leptrapira in tcry high dDotloa (1 15,000). the-tgglutlnidon of 
L, tctenhaemorrhagiac wia nil, L. cameola my ag^utijut^ In a dtlinlon 
of I 600 only 

CFIIID110(J3CFT 

The exact mode of tianmunlon cjf the lepto^pun U <tiD unknowtL Ukoax 
( 1W6) cafly attention to the fact that a calf aittfiaally mfeettd and killed 2 
memtbs after the tnfecnan thoacd a coiuidcTable damage of the kidney <ub- 
itancc with the p i ernce of ctMrmout nnmbm of Jeptwjaiac In the kidney 
tubolea. SincB thu caH wai dinkally healthy Uwj\a rigbdr condudet that 
ypirochaete* may he eUminated m the urine long after the aymptomi hare 
dbappeared and may therefore be the amnee of apitad of the diyeayc. The 
eriitence of heahhy camera may abo be awnmrd from the faa that though 
aomc of the hunun cava were ahown to hart been In dliect coctact with 
Janndked enwi. to mow of die caaca no mch cxotact coold be prmed. 
The coedidoc b fa rthe r conrplkatcd by the fact that the only dgn of the 
dlvav may be a nephrim whidi to aalmaly might well go undlagQovd. 

The iBenbatKai period appeara to be ahon. Bxaxxorr foond os Inatbarmn 
period of 10 dars In the expenracntal kooilatko of nhea Pastuxt repom 
a ctv of Ieto«p{raib in a man mho fefl iU 10 daya after handBng the ergam 
of a CD* dead of Jatmdioe. Ftmhrr nrvarche* win be required hefoee a more 
definite atarement can he girec. 

SeAwrtAL A Ti Set Iaodcccz. 

The (Eacav appeara early fai the apnng and the bn cav« art peen m the 
aonmifi. No definite cav< hare yet reported d ring the winter monihi 

AD the cava r e p of frd an with two rrrrprions ocr i uj e d la malea 
Conndcring that ihi b an occupatiotul cEvav, thU incidence k not 
tmerpe cted . 

CUNfCAL PICTURF 

The diacaac haa a audden oovt chatacieilTed by chtTK high feter bead 
aefaet, abdommal palm aomenme* muacubr palnv and tmiaDy a mailed 
Injectioo of the coojuncthm. Thia period laata from 3 to 7 daya, during which 
diiv the ptknta though acutely TIL do not ahow any apeefaj diagnonic pheno- 
mena. At the end of thb primary penod. the ferer dropa to auWebrile leicb 
and Mmerfmea to normal lenrb. The patient b ec oro ca more roiit ktnv' 
may appear the toogne b eco m e* coated and dry and the patient becomca 
anjporous and may eren k>v conadouaneat. Thi totK atage may be tctt 
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LXnosriKi JOTtf mncnca of jtAX 


11 AfTTWa rympttmm, Sim rf mcatncitM «« oftm footed but « met* to 

•JetoMMtTO atiT pctWcMd fadbtp in the <*t«bn>*(*i*I fluxL 

^ Wtutinitkin for p^tTphtOd B b ensom 

Tab ofceerwti^ qoin ptmfiog t £«, ww kitr eipitbtd by « fcttmttin* 

^ Thb w faifwlb «W fewnd to fc* mtokated to trtr» at 3 190to liOD by 

Z 5*. *“ •«*»■ I* *• wTn-kwjwB fMn tlw totnxneOa bfectmi 

tn ttttb to Prie rtmo b tny ewnraon. (PttwmJ cm mianKUlmi . Dr Bneroyr) It 
•pptti*, ttwefort, thtt the findinf rf pm typhoi d B ipjurWKP in thm cm b doe 
*® reblfco d S mtrtrjde* to B /mltpAecu B. 

Spe^bd nif^et fat (he clood toward* tb# ot dv weead 

« “• dbetoe. The Irtre rarfee fnaAf md H may be e uy a lm e bc t ixu I tfiOO 
‘ J , '**? more. Thb trtre talk and h br eona ee nea ed re at (be cad ot 1 

year Id aU dM fatal caeca dw atgkjthveifao fcactkat wa» it tx*U i * at ft w» t^en be&'re 
the I2tfa day of the 

T*BLa II 

ijuntojiiTii, wniii Kdce coc^ p« «m caan or L irnwjna oen jjcaiMt ra* Tone aiiat 
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Pmiioi Ot'l 

The mo'^t iinpornm inthnloaunl i-- f!f‘'Cnlu<l In C'l'-i \k and Rj ir 

arc the following — 

1 Li rr Cdliilir di'intcgrition nuh j>cnl('lnr rountl rrU mfiliraticm 

2 Sp!rtn Concc'siion 

3 /v;</rjr\^ ITidciuc of irucr mnl ncphriin nml nibuhr IncmorrlnCf^ 

4 OtJicr ori^ai>< Ilicmorrlncc'- of jniiroii' and 'croii'- ln\cr* 

5 Lc^aditi imv ‘.hov\ the Irp'o pita tn the Incr Kiditca'^ atitl tnhcr 
organc 


I)lU NOMs 

Tlic diacito-i' in the pnnnrv M.apc !■« no ca'-v md ic'-i*' on the Imtor. the 
clinical fndint^ and occupation of ilir patiriii \itcin[)t- to drnion'-traic the 
lcpto>;pin In darf field caamiiiation and ■^jicrial <taming incth(Kl>i of the blood 
ha\c far failed Hie toMC ctat.r ran I>c rcrotjinFxd Iiv the hiuii lencocvtc 
count the rapid hUvxl frdimetitatioit rati ilu luilencr of renal iinoUcnicnt 
and c<penalK the high Icvil of hhvd luca the charactcrntit conjiinrtnal 
injcaion etc ^t tlie end of the 2iid ned of the finia*! the diagno'-i^ can 
}«• dcfiniich made In the agctliitin itio.i of tin cjicnfic Icpfoipira In the <cnim 
of the patient The prc'cnrc of acitlutiniin ran lie '•liown on the 12ih flav of 
di'ca^ Tlic litre n Ion (1 30^1 nnd tn<‘ rapidh to 1 25 000 ITom then 
onnardr the tnre falh and tt hcronici ncc.ati\c after a |>crn‘d of ^ to 12 inotith" 
Tlic di<eaH mint l>r differinintid from inftrtnc hipatitn cholcrv villi': 
meningitis septicaemia etc 


tajtmsi \si) fiiocNocis 


The course of the disease is short and storinv In fatal cases death ocCTirs 
lictwccn the 9th and 12th <la\ of disease llic scaenta of the illness is not 
aln.ajs a good indication of the prognosis ns t\trcincl\ toxic eases ha\c 
dramatically rccoaercd nithoiii sjKcial ireatnicni nhde cases of kss scaciaty 
ha\c died 


The cause of death is tisnalh a hcpaio-rcnal failure (iiepaio rtnal sandroinc) 
but one man nho appeared to Ik on the naa to rcroarra thtd in a a era short 
time of a massne haemorrhagic pncninoinn Of the fiftctn eases ohscracd 
since the licginning of 1945 four died 

Conanlcsccncc is rapid In most cases the iiholi course of the disease, is 
from 17 to 20 daas though in one cast fcatr continued for a pennel of 45 days 
The jaundice usualla^ fades thinng the 5rd netk of the disease and is not 
related to the fcacr Tlic same applies m the a 7 oiaeinn Tlic blood urea 
usually falls to normal luthin 5 to 4 aaceks 
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LifTQSfiKi Kjra nrrECTfOT or Jtw 


TuAmorT 

Tboogh we treittd two aact wl^ penidOm no definite tatemnu cmn be 
giren u to the rcspocne to tttatment. m in both treatment w*i najied 
dunng the toiic period. One of theie l e c oT Ci c J while the other ow died. 
ErnmATi attributcj the recorery in the c**c r e p o tted by hrm to pcokiinn. 
F mtber exper l eac e b reqtdred In order fnlly to appnUe the tetiop o£ pen WTEn 
on tbe kptnpha. We hare no experience with the cnim treatment of thi 
cocdrnaci. u no acnim b ai yet aTaHablc. 

CONCLUSIONS. 

1 A cooditioa cQnlcally vimHar to Wc9 $ diaeue ezbti in Ptlerdoe 

2. Tbe orgam of fatal ca^ contain fpirochattal bodlea whlk the blood of 
can acorcTing frorn the dinae connim andbodiea agahut Ltpiosptrt botis 
bet not agalntt L ktrrohjtcmorrhdgute and L. ctnicnla. 

3 The tymptomatoiogy and laboratory data of nen can trodlcd In 
thb henpita] and ten can reported by other loTtnlgaton b renewed. 
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Transactions 

OF THE 

Royal Society of Tropical Medicine 
AND Hygiene 


Vol 41 No 4 January, 1948 


LABORATORY MEETING 

of the Society held at the 

London School of Hygiene and Tropical Medicine, Keppel Street, London, 

on 

Thursday, 20th Novemher, 1947, at 7 80 p m 

The President, 

Sir Philip Manson-Bahr, cmg, dso, md, frcp, 
m the Chair 


DEMONSTRATIONS 


LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE 
Department of Parasitology 
Prof H E Shortt and Mr W Cooper. 

staining ol microscopical sections containing protozoal parasites by modi- 
fication of MoNamara’s method * 

This method has the advantage of staining cells and protozoal parasites 
m tissue sections vsnth colour effects resemblmg those seen in dry smears stained 
in Giemsa staim Details of the techmque are as follows — 

1 Fix m Zenker, formol-saline or other suitable fixative 

2 Embed in paraffin wax and cut thin sections 

3 Remove wax with xylol 

4 Remove xylol with ^cohoL 

5 Brmg down to tap water 

• McNamara, Wj L (1933) Giemsa stam for tissue, rapid method 7 Lab chn 
AfedflB, 752 
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LlBOUTGaT UCZTDCO 


a* Treat •ection with 5 cc LuboT* iodme added to 30 c.c dutiUed 

w*t£r 

7 Tranifer to 95 per cent, alcohol, 
a Bnng down to tap water 

9 Treat with 0-5 per ccm. •o<fiam hypooolphjte for 10 minutea. 

10 Wuh m tap water foe 5 mlontea. 

1 1 Stain for I hour or loofer ua Giemaa rtain, 10 c.c aettooe, 10 c.c 
methyl alcohol, 10 tc boffered diatflied water 100 c.c. (pH 7 2 to 7 4). 

12. Wash momentarOj m tap water 

13. Differenttttt m ^opSocaom itain, 15 frammta acetone, 100 oc. 
for 15 seconds or looBcr chrekmg under the low power of the mkroacope 
Renew toJotlon as " film ” forma. 

14 Wash m acetone, 70 cc. xylol, 30 cc, with aereral changes. 

15. Apply xylol withcwt draining tUdt, then apply sereral freah changes 
of xylcd ontD section becomes dear 

16. hloont Is green euparal. 

Examples of the use of the method in the case of ranoos pamtea wer e 
eadribited. 

Pro! H E. Sbortt and Ur W Cooper 

pntT mpmOoB d Ortag MnwAua ban tsaaas La tki 
atgtaUaaU nWeaUnrs oa XtobslT* HAJtB. ohAIdb 

Prof H E,Shartt 

wrmwifW (kawtDf TiiTffsnu vp li Cllinst Brass dnss 
Dr P 0. 0. Oarnhatn 

ExosTTtkrocTtte ssUxagosT ol P^umtHau imM to Qis Drw it BookSTi 
gsstfon sad nasart tbavlBg rarfsai ttagw la ssUagaar 

r>erckipmeTit starts In a pareochymatma cell of the liref the parasite 
showing peripheral dtsfrihutloa of oudet Later the nuclei become scattered, 
the suHm of the organiem cooroluted and the cytoplasm Tacttolaled. A 
central space is formed atneh fills with fluid, with the erentnal formauan of 
the ii ig ti irr nrtt o cyst a body nearly 2 mm. m duunttcr cociainjng uunimershlc 
nseraaoitea m ts rim. Tbe cyst ruptorcs and the meroroltes cacape Into the 
mroonding tusues and slnosaids, where tbe majority enter red blood cells, 
to become male and female gametocytea. 

Dr P L. Le Hoax. 

TwastT^sar nteroeops gnparattoBS mad sif saawa toddi drawtags 
JOasbattBC tbs aai dxs t( Us tfp sf spsetas st sshfatssatass 

ed F**" tad matmiH . 


la ths of dMOci fixed in ooMsmoml fiattn a. strpt C to 10 mar be oortsed. 
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Q “ vn\^ *^„ted ^'Lib\c ftcd °? ccotd'i'C „ ’ guincaP'S 

9 bows FAPSt 09?' ’ tcs ^hetc >9 CcBER T<v\9t^"'’jSts that 

c hacn«’‘°J”‘^atobiix"> as S ^p ^fnc<x'“’ the txo'®’ ®''®^d 

^ ScJxstO veins o njtunals ratOc, 6^'^' 

^rcmaAcs «u\c. d 

Sr|^?Bf^i:;=>:5-ai:5£ 

Tctnalc from ^ t a\\o^v difi'^'"' 

from s^^\on■i•m ,„rpboTC>^ ' r ^i\c do not ab jotti'- 

-’1 — 
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t-iKmiOKY umM 


6.* Tre*t tection with 5 ae. Logoi ■ Iwfioc added to 30 cc. dutflkd 

water 

7 Trmrfcr to 95 per cent alcohol 
6. Bring down to tap water 

9 Treat with 0-5 per cent aodlinn h^poaulphite for 10 minutet. 

10 Wash m tap water for 5 mtnnti-* , 

1 1 Stam for 1 hoar or lemger In Gicmaa ataln, 10 at acetone. 10 at 
methyl alcohol. 10 at buffered dlatflled water 100 at (pH 7 2 to 7*4>. 

12. Wash momentarily In tap water 

13. Difftfcntate in colopbooiam rcaln, 15 grunmea acetone, 100 ct 
for 15 aecondi or longer checking under the low power of the mlcroacopt 
Renew aolulioQ ai ** film forma. 

14 Wash m acetooe, 70 at aylol, 30 to, with acreral changes, 

15. Afiply xylol without draining slide, then apply •ereral frah changes 
of xylol iintH aectKm becomes dear 

16. hlount iQ green eupariL 

Examples of the use of the utclhod in the case of rarioas psaraaitea were 
exhibited 

Prol H C. Sbortt and lir W Cooper 

Law MTsr areparatien of Qrt&x traa plga taassi te thi 

stftitssrrta nh-sattBra oi DeksITi BJ.RX opsdtaau 

Pnt H ELfibntt 

tkawtsK r p li ffiTmat Bsaas tbsaas 

Dr P 0. C. Qanittam 

CxoatTtkToartte wkh a c o a 5 «I F^umt£»n lacW !a (k« Dnc g( ewokajs 
•aatteas and naaan abawtsa mleas sUgw ta ackixateay 

Derekip ru cDt ttartt in a parenchymal oos cell of the Ilrcr the parasite 
showing pcnpberal cfiatributioQ of ntidel. L^ter the nudd become scattered, 
the snnEace of the orgamam cooroluted and the cytoplsnn vacuolated. A 
central space it formed whoeb filla with OukI, with the cre plu al formatloQ of 
the mature merocyat, a body nearly 2 mm. m diameter contsirring inmunenhle 
mer oao itea in its rim. Tbe cyst ruptures and the mcroioito escape into the 
ii j i n iii- Mftng ussucs and atauadds, where tbe majority enter red blood ceOs, 
to b ecome tthU and female gimctocytea. 

Dr P L. Le Eoni 

Twroty-fsor mWrea aa ps fisparatloiB tad til safflsra tadda dravtap 
OtBUatlBg tbi ihaps aai dzs at tts ol ipstlts st lolilitsssnii 

g| awS «Bltn»h 


la tbe 


of tbaon fixed ta oao-eesimrlal faxthe* wtrpt 9 to 10 msy bs ooMted. 
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'C'^ ' 

;erca“ ^tnsoina ^P v .^e ir°”^ ^ -Rhodesia b> ^ c hae»”“ eXpo®®“ 

Q W.A ” *^^^*^ £1001111^1^ ^ „4 v/ete o^ muRcapig- the 

-^rrs.^?L^^£sr 

SO-daV®"^ 

-■urinrins 



L&BOUTOtT IfZETDfO 


4» 


■ uLul that (tifamaktioft cf 

(J tbct tem«v< In tbk »p<c k« h k die 
p am to of c*£tk bom wbr 
p M tm e * . It hao been upoiml 
Mber* dat h nay ionde rmn 


3 (an be baaed od tbe morpfaokitiaU » 

raaki wfakk pcimh diffenntkttaa. Thit b a 
apedea ot aitdopa hibaiadof moipy 
{a Bdsun Onto, end dwn b m 


a. Eoa FROM TAJUOOl otoun or ttti root 
I n certain apccuneni Itgcq boman titsoe tbe me tad tbapo of tome of 
tbe eggt tus^ infectKTQ with both S and another tpeda of 

^abfTnoM. 


m. Eoca m raioi and trsmi. 

In certain ol theae tpedmaa alao, double infection of man wHb S 
t diM M and another apeoca whb termioaI>ap(ned egga was a m ye at ed. 

Vr W Aim. 

Otaamtlaai aa S mmoJmi ami S. lUtwaJeHaa. Aialti a^ ttp Im 
axparlmcaUl aabub tad naa 

Textbook niostntiaaa and deaaiptlons of S k ttmtitiu am and its egga 
are for tbe moat part ioacemte. Manj bare, in (act, bees copied la Mo from 
tbe olds' works, 4^^ Loose's, where & iamatokxw is not diffseatlated from 
S wucMsom. Tlie 7^ ediuon of Strtl $ Dufwetu ttmd Tnatmsni of Tnptcol 
Thtttat^ contdu an hiterestutg queatkn of anoibs Und Pifc 1414 show* 
wiot p or portt to be an egy of S k^umstoiam but wUeb h much ne ar s to tbe 
merpbologx of S satfibn. 

BiJtCKlE's work in Southern Rhodeaia oe S wtMakm infectlom in man im 
aererely enttaaed by McHattte, Mnxi and Ounwici (irrenyly in tbe writs'a 
opmlon) and. u a reaolt, h has best iargdj neglected, ahbmyh the rdatkcihip 
of tbe aebtstoaomea htwnng terndnal-apined ora baa continned to odte dh- 
cuaasoQ, a.f Van otn BnOMi. 

In the writer’i experknee, whDe it w impoatiblc to infect atnall liboritory 
■TitmaU iHth ccrcante from .S. karawtoUaaa, it b easy to infect them with tboae 
of S rnttikm (Infectko in this context is intended to co errey the ersUoal 
appearance of mature male and female achutoaomo and tbsr eggs.) It appears 
to be extremely probable that aocb work as has been described as on 5 kiwwa 
hi tbe» *m<11 aTi^TTalt bss best based on a confostoci bet n ten S 
Acautoinw and S mMtthoeL [1 most sdd bse that I hare dS oied hedgehogs 
(BataiFT)] If this b the esse, then the only large Tohnne of c rp simsttsl 
work of any rslue is tbst of Faulct and ALuoon Bun on raonkeys. 

On tbe oths hand, 5 ssflrtim, and probably 5. boas do appear capable 
of infecting man In Sootbsn Rhodesis. 

In view of \oaELS work oo tbe soaa-breedmg of S wunrmi and 
S jtptmtcMssi, an interesting hypothesis presents itself 

Site* r TI '*" * » TV...... naiii 7lh ed. E<fitrd by R. P 

8tD»* Phil«k^>fcii Tbt m*ek«ton Co. London H K- Loww 





_,a9i» «“®’ S'*"”* ^th”r*' P'"?"'" 

Ulioi®'*' "'’“' " or E>«o”°''°°'^ 5,41 sM«- 

'''’ DrrW'-"®" 4,«4 «• S W 

««‘''lTiSi ^ S W144>"“' , .. Sit tbt 'a“ 

SS»t»0-P"P‘“' T-Vae, are b»d«'""'« ° V'*'? 

?r%rp--li^brrVt- 

3\ily) ^ in. tVus tode larvae ^ ViandvJrdi^S ^ Qchoo^ 

docta to some 24 * A ® oi v"t,ou\ted ^ 


• TheLi/e 
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LAaoUTOXT xmu to 


■ Mkm tlwt diSmrrtfatkn ot > rMwr ^ «i— oo be bsMd cn dx inorpbe4ack>l dandm 
td the fe rmfa-t . la tU» ipeck* h b tb* imfet wbicb per mh diffmzrtMtwo. TU» b 
P«mfu oi otlK bone*, xebr^ wl nriou* ipecfe* of ■Mtkip* tafaiUtkc fwmmj 
It b«i beta rrporicd uou iMwiub to Brigm Cngo »ru< then h mm ta 
befirfv th>t h m*j iarvle mm 

rt. EOCB ntou taudos otoun or tue boot 
In ccrtiin tpeonacs ftom bmnan tissue the soe and tbipe of softte of 
tbe eggs suggest infecti on snth t>ath S k^ntMioinm and another ip e aea of 
Sdtuicetama. 


m. EOCS Dt FAECES AMD ITKIVI. 

In CCTtain of tbesQ apedmeoa abo, double Infection of mm with 5 fcmrwa- 
lottmm and another tpeciei srith tenaiaal-apined eggs sm su gg e st ed. 

Hr W Alra« 

Obaamflen m S rnttW sad S. ^naiiili'i i Aialti sad stp trsci 
•xBcrtBsatsl aahaslt aad ass 

Textbook (OastrstlaDs and deacriptiona of S htwmMloJwm and its eggs 
are for the most pan inacmir a t e. Manj bare, in fact^ been copied n feft> from 
tbe older works, #/., Looas t, where S Aaoufobn b not dliferentisted from 
S. ataaotd. Ttw 7ih edidoo of Shifs D\Mgweds a*d Tfftmni of Tnpk*l 
Dutmt^ contains an Interestiog qQOtion of asotber kind Page 1414 shows 
what purports to be ta egg of ^ bsnufobxn but which u much nearer to tbe 
morphologf of S aaflkm. 

BLACxn'a work la Southern Rhedeala on 5 wuttkm iafectioes in tota was 
serer et y enttebed by McHATra. MiUJ and CaADWicx {wrongly la the WThcr*a 
opottoa) and, as a rcsoh, h hu been largely neglected, aliboogh the rditiooshlp 
of tbe schistoaomea bearmg tmmital-aptned ora has continued to exate db- 
ciaakm, rg^ Vjjt DCt Bixote. 

In the writer's erpcrsence, while h is fanpoesiblc to infect tmali laborstoty 
with cereame fnxn S JtMtmmtoitmm, it b easy to infect them with those 
cf S maffim. (Infectioc hi this context b intended to c on Tcy the eie nlm l 
appeariace of mstore mak and female schlstosomea and their eggs.) It appears 
to be extremely probable that soch work as has been described as on 5 A sm s 
toiam in these has been based on a coefonoa between S 

kMotMtoitMm and 5 wtdiUtteL [I mutt add hen that I hxrc not used hedgehogs 
(Bmmrr) ] If this b tbe case, then the only large rolume of eipenmentil 
work of any raloe is that of FAPuxr and Makiox Bahi on monkers. 

On tbe other hand S. mttthfd, aad probably S horu do appear capable 
of Infecting ms" m Southern Rhod es ia 

In new of ^ ooel s work on the cross-breeding of S wtmom and 
S jtfomUmm, an interesting hypotbeais prtsema itsdf 

£btr' PiijMrfi ■ — ' Tn— y iiQin Tihed. Edhcd br It P 

StRDf Ptolsdalpbb Tb* BbcktftDQ Co. LmOon II K.. Lewu. 
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lAKMUTOCY kll TDC O 


tniUD mt iin m nit , tad th»t tfatreidn to itcocw b*fa*ie» tb* priorty of h*Tfai 
•tnttd tb* Of •cje i i of tfak btrtrtm fwmit* in Cydops. 

Tbe icittrtb •Cde, tb* tection of fiicoqoltt tbowr (CWrr ftwn Ab »7 C3t* 
deuaattntkic fbe dmloTKOcnt of ITacknH* b^nenfa, v«t m«rU )yr iLwos in 18E 
Tbe hhlp ry of thif •podcom wbkh U fifoicd in cIm fint odhioG of 1 /mw t Tr«^ 
Damm (iwS), Fif w pnjn .IJS 1 b«Gm tn be m foOowt On 20tii Jan« JffTB wf 
n letter to Oiiowxo Dim ft, forvardad umber o( fiaria-infrefi 

nKw^wes pemer mi in ^emtuc . WbOtt b* wss pmwriDf the GouVUtnniu Lactun 
ibc tbe Rorai Cbfkte of Pbrnctana on tba ** tif Hbarry of tba Malark Omn Ontd 
tbe Hum a n Bodjr (18W), Ku.'OOH am moat to obtain a filacia^nfeeted nMaqnl 

for ndcroacopio aectkn tn <I onoa»u aia tba maibod of d mlc caMBt Ha bad wji t ifu 
Rom in India and to frknda ka Rnthh Omaa to obtain nm-uoett a, w hbuB t 

In a letter tn Rom dttrd SSrd Dtcunbcr 19M ba related tbe feOowin( icmaikab 
tt D X j^ I ban at laet aocceeded in peamf Oariat e d moaqmtn. Many mn afo I k 
to CTMTan kx of filarisecd tnoaonitoca. 1 kneir that COBKUt^ coOeenn t^d fim 
tba Roril CoOtfa of BarfeoRt, atHgot panniaaion to look om cfaem fw tnmwaqiaioca 
bet ming, I went to ftnroiM blaczcttaf »d ibcTt tooad atoill botda arhh aoCta 
la oaq iu te floMk^ in gtyoarina. to a teeduof fba biood in iti abdotnen tbmwaia a 
AmoyfiariM, Mid in ia thonde nade^ tbera they wan too — moat b amnJ uJ tn baboU 

Dr J B Bonine 

BAartoor at M bggi oadar almoft wtnl aanliOeia (Tbe aptwran 
ccadd tt» be braught to tba Laboraton Panka were taken to tec i 
kartng the Labontory t and ft.lB p m ) 

Two chuQben, ach 6 feet bj 4 feet 4 feet, made of nateriib uaed i 
prefabnested botne c mamm jop, aerre aa giiraarare roou. Tbe crertct 
betvees (eetkkia are all aealed and apecal artifidal bug harbcairagca prondet 
vbkb can be inapeeted witbtnit dimirbiiig tbe loaecta. oigbt, i pu 

of rabbits are put into woode n cagea artifieiall/ infeUbd wttb bed bogs. 

Two typea of c Tp eruaeot are in pr ogr cj a (1) TTio mitraliooB of tl: 
bugi frotn tbe onjinil InfeauUon aile are being recorded. (2) Tbe effectlTtnei 
of DDT wall treatmenta m odernunatiag tbe colony on the natrtsud rabb 
cage it beirqj determined. 


Mr C. 0»n»tt-Joi>a (latrodoeed by PreJ P A Boiten), 

Uta kMaty of IrntteU. 

A laboratoey cuhure waa ahown compnamg tH stages in tbe Iifc-cyele t 
AMthmfTvmrpm htnla F tbe African motad fiy wboae lam b known at tl 
Congo 0ocr maggot. 


tinmen it fifiued (Fig. 17) in ib<»* I.ectam (180^ 


DHL mtd.y^ 


- - , ■ (1917) p. SI. 

t TIm bu ds piiidi of moemitww ww ohiautdy faoad mtact in d 

RoT»lCoflege«rfStin:eofttinlK»byPTOf.R-T Um*. and » now » the Mnwum of d 
Lcodu Sebooi of «nd Tropkal Medjcme So Marion miMed them, and ibi 

Sir * atifCTt m^ Ph y uic MP to the London Heettoal »ho bred in Caren.^ 

QqttMic. }I had eoi7W»toded with ilAXW« aod bad done the flni *oft on mrattal < 
fiUml panodiaty n 1831 
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■'•“ "" 0 , 00 . 


eparedco-- 0 3 tOO at^d r. 

0 30 ^ PABASlTOt>OG 

«t Cl®'"® I, narts of 

...-I-/®.— ■ 


45S 


LABOKATOrV M ZI T U IC 


Blood films, 

1 Normil nbbft rtd edit. 

2. Fcnrl blood witli P lollauKtmm. 

t A mttbad •( Elite Ltbhma iltls for tbn* Mdmt. 

Method, 

Thm ptnffio tectioet ere brou(bt down to dmiUed wilcr tnd arc then 
eoTcred \ tn Gictoo for 5 to 10 moratet. TUt ttiint <*'^inl«r tww jcQow 
and cooncctlTC time pmlc. The sain it tbea wailed off with water and the 
tilde cor er ed with Ldihman sain frcahly dihitcd with an equal quanthj ot 
d l tt lTle d water Ths it aOowtd to aa for 20 to 25 mlnotea. The tcction b 
then differentiated with mrmlng water for 10 to 15 reimnes. water 

a then removed and the tectioa dchjrdnted tbrou^ a Knea of X7lol*acttooe 
mixtoret. 

5 per ct3it xjlot dS per cent, acttoce. 

30 per eeot xylcd, 70 per cent, acetone. 

70 per cent, 30 per cent, acetone. 
xyloL 

The teclion h moented whh a neutral mounting medium. 

Soettoit* 

1 tGdnef fowl, eao-erTthrocjtic form* of P /dSwra. 

2. Liver monhej eent^ necroai* P kooteten rnffttlocL 

Dr G T Stevart aod Ur W B Jod««. 

AtaAef la Ui* patkolof^ af airiiLaiattl asMUaSt 

Mjcroacopac aectioaa, pboto-mkrographs and tabulated data nere tbown, 
Hhstratlng the influence of inteetmal bacteria upon an experimental amoebic 
infection in the ntt. Briefly the reaulu thowed that bacteria were mtimatelT 
concerned whh the early derdopment and character of the amoebic Icaktna 
Thin cer tain straun of Beet, off and paroeolom were found to mcretae the 
aerenty of the letiom and evidence was given to laggcit that one or other of 
tbe*e orgamuna played a m^or rote In every caae. When Urge doaca of penl 
riTlin were given, aoSdent to mlubit these renstant bacteria, the aerenty of 
tbt infcctKm was tlgnlflcaotiy reduced. Penicillin acted both ai a prophylactic 
and tberapeotlc tgeit and ha action was enhanced by pbthilyl sulpbathlixolc 
This latter drug, given alone, had acme alight prophylactic action but no 
ther ap e uti c effect. Detailed reaoha of these exptfimcnta are at p r e sent m the 
fwem 

wtw K H Tottey and Prol B 0 Bbagnlth, 

FteM taaUad *1 afttmatinx patidrlM te artoa 

Gaox and Rose (194B) developed a simple procedure for the esimatlen 

OaCk. J C. A Rosa. F U (IM9). Am tr^ IStd Pmrmnl 40 333 
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LABCaunutT ME me 


p q m tence of tbe uncoajolited htaocniage. Slide 3 w» « »ectK>a of «kin 
•htnrmg Uw nurked c u rr Mu re of the proboacH of tbe Uetie durutf tbe act of 
fewfing, Tbe tpeomen w» obtained by tafpptog off the pfoboaca of t feeding 
Cloana. 


Dr F HlvUostniDr W L.Bf Vfxrj {Sgtionel IntituitfoT M*£cal Rtnartk) 
Pftu m -^w n kwtmlMi mitnafaxl to Cmm enCtion fiu i iMtbi 
Vtnous Amencin work er a have dcacribed the prtsemlitm of tiuUm 
pamite* m a frozen condHIoa at — 76* C for long pcTKMla, rf 12 nKintht. 
Thfr technique n being u*cd at the National loftfrute for Medical Reaearch 
for the prcaerrztton of a strain of £. ibusrfrs. Blood containlDg rtij nuoj 
tcMzonU of P kno€cUa tm removed from a monkey on 17th Mc^ and 
beparinoed. It vet placed m | c.c, ampoules and fruen hj bnmcrsioD In 
a mixture of »o6d carbon dioxide and alcohol It vm then stored at — 76* C. 
(by the kind co-opentkta. of Dr F Fcuto^t). Socctaaful pfeserration of the 
paraiitea depends upon ntpedfty of fre eitn g and of thawing the biggest 
mortality among tbe pemrtea o ccui a durmg tbia traraHioa phjtse. On Gth 
Norember mostba later tbe ampoule was thawed by placxng it in rater 
at 37* C. A amear from the blood showed that most of the partsitea had 
retained an appronnately normal appearance. Tbe rest of the blood im 
in^ed mto a monkey which tbowed partsrtes m tbe pcnpbenl blood 6 days 
later 

In a pr ry j ooa experiment, blood infected a mookey after b ann g been Bored 
for 5 moolhi. 

Tha technique for storing parasites is rery convenient because — 

1 It sarea tbe laboor and erpeose of animal or hmnan ptMges, 
which would be partknlarly useful for strains of bomin malaria. 

2. It preve n ts any tnixiiig with otbo’ strains which arc bong mam- 
taioed m the same labontory 

r>wTM»i L. T (1999>. Pne Sm x* BUi 3f«d. 41 499 
&LWWIU, R. D (IW3) Amtr J Oa*. lO lEt 
WouscM, P (IW5), Amtr J Hyf *1, IM. 

Dr C A Hoar# Dr F Hargalroyd 

Aa asasail eats el aaiortlasls. 

Tbe patient waa admitted to the Hospital for Tropical Docates, Loadon, 
m September IW7 He hkl trareBed cxten si T ci y in the Middle and Far Elist 
dnnng the laB 9 years. In 1W5 he suffered se v e re ly from dUirhoea, which 
was dognosed as tmoebic dysentery and responded to anti'amodne treatment, 
but rebpsed a year liter FoUowrog further treatment, the diarrhoea gradBaHy 
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LASCaUTtWY K ll T WG 


A Bring preptntjoo wu tlmvs under t pboe contiM t miCToacope ■Tw^ 
the bitTsccOaUr p«m[te* were readily aecn. 

(The phwe cootratt mkroacope ww kindly lent by the mikm. Moan. 
Cook, Troojbtoo end Saum.) 

Wlng-Conusinder Ito HaoKiy 

FtoomaaBM ntemayr far <»anailutlu tlu tibarti* bMHn A ta«li 
ai^ far eonCfac rJI In iJi^anarf Ootf eattm 

The ipparatTa demoojtrxted b a modification of tbit deaenbed by Lz^rarr 
(1W4). ohra-Twlet light aoorcc b a l^S-watt m efc ur y rtpour limp 

made by RT H- (raercri) or G E.C. (oain) (roemed from A.C. miim and 
Wired bt aenct with the approprute choke. An clectne fan (rtntaxb) U Indaded 
m the orcuh the whole bcini; enchwd In an aabestof4ined wooden box, 
baffled at the endi. The rnkroa co pe alta on top of the light houaing and the 
zzurror dtanrded, focuaing of the light being done by mmipnlitjoe of the 

bmp 

Placed In the body of the microscope • a yellow gelatine filter (Ilford 
No. 109 “ delta "). TTie optical ayatem comiata of ] inch and J-Ifich ebjec 
tlrea and a x 5 eyepiece. P re parat kma are a lined with aaraxmne. 
preperatkeu ahoam 

1 Poahtre T B. aputum. 

Z RC.G 5 days growth in Duhoa hqidd med/um. 

3. Human T D. 6 daya groarth In Duhoa Uqmd mediicra. 

A rtdm^ for eotottmt TM. a iuptnti fljoJ ndfwrr 

A nieamr e d drop (1/100 mL) of tbe fluid to be examined la placed on an 
albummlxed alide. It b stained by aortmlne and, onag the flaorescence 
mimoacopc, erety orgamtm preaent b cAonled. Two mechanical aids are 
oaed, a spenal oountiog ey e p kee and an dectrkaily operated counting 
'nie bttcr make! pouible tbe aimultaneoua counting of the total nt^piber of 
(rganlsma and the total number of dump* a dump for Una purpose being 
cindered an agg reg a te of one or more ergamama. 

Air Cmmsodore T 0 Horton 

A TSTT mbtanl caat e( aypaiaaPr rarad hr i^imstseiy ftOsvad 

Irr yairtirtfba 

A corporal, R-A-F., contracted kala-azar In Calcutta, and was diagnosed 
a after the onset of symptoms by a posrtire sternal mairow smear on 

29 1 48. 

LnmxT H. FtoomceBca oikj os cB py n dw detrction ol tubereb bacilB. 

33rd Decmbcr p«ce 8IA 
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LiSOKATOlT unmo 


Dr 19 TcmH Dr a T Roden utd Dr J D Abbott^ 

1 lann tren imbniiimi Mdb« •( » mli ihtvlnf BlrnffiiriM 
(7) OmdaartM tf 

t IX ntognu Oil ftm ef (7) Mat iptticf ta AmpMti mc1m9i.i ul 
A. rnMnOfmiaii typiemi 

The *peam«a wtre obtehied ta pattern oe*f the mouth el 

the Stnimi nrer during July tod Aofxat, 1W6 

DcTelopme nu l fonrti of El«ri*e were ohecmd m 3 per cent of 450 dmec* 
tiont of AttafMn taeharaa^ ead la one epenmen of ^ mmcwbpawth tyftaa 
The numben of Gbnae vxried from one to eight per moeqtuto. 

Iso cGidctI or petbologicel erideocc of fiUnisit va found in the local 
jHtfrun popnleflon. 

Lo^ honci and moka were obecrrtd with aubcutancoos, or deep 
cutaneoua, nodolea, rimUcr to tboac preriously rep o rted from Greece by 
pAFADAKtEL SpcciaKsa of ffl}cro£lariae £nxn these ladooa were 

ohibited 
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ccnmax or tLnnvc sjcxnu 


Almott 20 jrtan *go, BArtmw (1^23). wrote in in luUin }oamal “ In 
Europe fir too little U reilBed of the vitt amount of work performed by colcrual 
loedjcal officer* In waging w*r igafiut ptmltic d»ei»e« md 
in pirticnlar agtiait trypanoiccuBia. Your continued inlerett m the probloM 
of •Icepint ticknen unce that date, and for yean before, ahow* bow Dttle 
nch a atatement erer applied to BntaiiL 

Earbcf tiu* year in hla Chadwick Lecture, Profcaaoc Vjue Hoot jtre 
credit to hia two co-workera eqaaOj with I can go moch fartber 

From 1929 antH ha appointment aa Director of Medical Semcea, Paleatme, 
Dr LEfTzn waa respoo^ble for alcepmg akknea* work in Nigeria. To hk 
forealght and to hU energy in producing reruln with a rdatirely tiny KiSf 
a to be added the a c cura te reaearch and fidd work of Dr NatH, our entocndogat 
for many yeara. '^’hat credit remains b dnrbSiIe between the many medical 
officer*, entomologitU, control officer* and aleepmg ufCc crt who aerred 

in the fidd, often tmder rery trying cooditloos betwe en admlnktratire and 
technical officer* who adnaed and aaabted them and between the Afiican 
•taff who aerred na iIL I am merdy the rec o rder of tbdr work. 

ImwotHjmcrr. 

Tbe NigerbB Sleeping Bkkneae Semce, a *ea:ii>BUtooosoua branch of 
the Medkal Department, b directly rcapoosible for tH fidd work in contnlling 
hooan and iodirccUy responsible for the treatment of botpital 

m that h prondea tbe drag* req u ired and sdnaea on treatment. Tbe 
outio^ and poh^ of the Mnrice ha* always been coloured by ha ortgin, m 
1921 as the Taetae lQvesti|*tioa under \\ii,Tat JoaKSON At no time 
rrTw««» then hai there been neglect of tbe ultimate aim of gaining permanent 
ccntrol, 10 all pottible areas, by curbing or dumnating the insect vector 

Mlfem ii aa cootman cotoDT with a very lajs* but irlairTctT poor populatkcc 
Twchw rear* iCO. th« d tow M for aD medical and b^tb wrxh waa aocut fcaupoica per 
bead per aimam. Roughlr fmtfa f tfaia waa d em trd to wt d d frptn f iktoraa meaaaira. 
Tbi* WM juft wi Oc a rtit ht wttior officer 6^ or *b madlfa] cfficen, each of whoB had 
hk Afrkwi for na* U e atm tru. ooa cntaaoloMt. aod on* tedmiaan and for thr 
of bnited reaaarch, moiob ent Lauu tef*^ For 3 brief year*. IB37 to 193^ 
to them^oiooia] Dmkfmt Paad. the auisbcr f Eurtfaw offiecn, nmr aO 
m duty sfamihaaeoealy end wi4 mdooty hj aap e ti e m ed. nwa lo pnaaibte twenty .fire 
Tboesfter the poajtloci Meaddy determniad. tod waa at ha wont m 1W6. During 
the war yean h tarn to bm tn th* flbd raora than offat offiem, aoma of them 

(ad inexperteerd. At the oaRi* tasa, in additMO to ha tpwriSe fimct ti na, the 
•rreka atasdily eaaeaaD of medKal aid health worii ra rural trena, 

nd dwpen aar y temcn tor vpetiaOy rre rtu t r d raloea Uhoar tad wa* 
prrloihcnlly mobiliaed to tsawt {a eoatroIOnc ouibteaka of meim Btr t. tenaSpox. ytOenr 
amt rclapatnt ferer la period* of n aar r en ey tW fd that moch of (bt tkrpeig 
w^ wM that had to nm antxaitaticaQy vhde all cradabl* cnrrxr wai 

cmcentiatcd kewhrra. 

After year* of fltJduatxMi, the Service has been conatittited, aince April, 1W7 
on a more pemuncrit bona, with an catabUahment of alxieen offices*. Expel- 
European and Afncan ataff rdeaaed from the Forcea, resumed full doty 
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to hariwoT fly tt •omc time of the yemr Foe naunce, both Poujjud (1912) 
tod JomooN aad Llotti (1923) htfUoccd the proence of G UMtoula where 
the only ihtde wu ecanty mlmou. Etcq In hcrrily Mttled and bnned coontiy 
m the north, this speaei can pertht along streams In and close to towns, and 
may eren lire fa the o i egro w n moata of old walled lorma, as rt dad at Rano 
end AnchaxL In the last 40 jura, a steady moresoent of dupciaal took much 
populatkm from the rdatlre ^ety of the cfd towns to new hamlets and home- 
steads which were toe often shed n ear the acst perraaoent poofs of Infested 
streams. The African a habHs are no neglitlhle factor fa determining dose 
and repeated contact. He »eeka shade and water ta do the tsetse, and eftea 
at a time of day when the latter a^e most active. Coodjtlooa condttciTe to a 
pcrstating high degree of contact between man and the lirerlne tsetse are 
therefore common, capeoally fa the Northern Provinces. 



\U> 1, Appto ah ttsa Zooil DKSribuM) of Ciatamt wmmbnt, O 

sod O oaAaoMb. 


O Morstcai shhoogfa an effident carrier of T g*mbuutt fa the bboratory 
b of no ImpHSTtance in tbe field. In Northern NIjena it b asso ciated with patches 
of low pcpnlalion and high gams denalty There Is no evidence other of hs 
spread or cf hs connectlaa with outbre^ of tkcplag stekness. 
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'II THE TRYPANOSOME DRUG RESISTANCE 
Local research regarding the virulence of Nigerian strains of T gambtense, 
then: pathogenicity, response to' drugs, and transmissibility by tsetse, occupied 
only a few years and virtually ceased with the closing of Gadau The important 
results commumcated by Lester m Annual Reports between 1930 and 1934, 
and m a paper (1933) have since been largely confirmed m the Ivory Coast, 
French Sudan, Fernando Po, and, most fully, m the Belgian Congo by Van Hoof 
and his colleagues (1938) Van Hoof (1947) adopts Lester’s classification 
of strains of T gambiense mto three categories These are — 

1 Trypanosomes of low virulence but high transmissibility, occumng m new foci 
or epidemic spread They produce in man, a mild infection characterized by slow develop- 
ment, sbght symptoms and scanty blood mfection, Tryparsamide resistance is rare 

2 Trypanosomes of medium virulence, mvadmg the nervous system m 6 to 12 months 
Arsemc resistance vanes widely but the majonty of cases respond to tolerated doses 
Methodical arsemcal treatment may favour selection of resistant strams which persist 

3 Trypanosomes of high virulence, resembling T rhodestense, very resistant to 
tryparsamide but feebly if at all transmissible, especially in relapses after treatment 

Both Lester and Van Hoof agree that arsemc resistance ;s common and 
that it exists as a natural characteristic of T gambtense , that the role of the 
mdmdual host m producmg or increasing this resistance is important , that 
routme or mass treatment either does not, or does not mevitably, mcrease it, 
although irregular treatment may do so , and that the cTiromc advanced patient, 
especially after some treatment, is little danger to the community 

The beanng of these findings on treatment is highly important By 
1934, that IS, as soon as possible after these conclusions had been reached m 
Nigeria, treatment with tryparsamide alone ceased, and combmed treatment, 
antrypol (suramm, germanin, moranyl) first in full doses, followed by try- 
parsamide, was given as a routine to all patients, early, advanced and relapsed 
In pre-antrypol days, resistance to tryparsamide was common m a few 
areas (Lester, 1933) ’ 'Harding (1945) records that, 18 months after treatment 
with up to 30 grammes of tryparsanude, nearly half of a group of Plateau 
patients were either dead or still infected In most such areas there had been 
irregular previous treatment It is difficult to estimate the mcidence of arsemc 
resistance now that patients are usually rapidly sterilized with antrypol and 
laboratory facilities are non-existent In 1946, of seven Zaria cases given 
twelve 2-gramme doses of tryparsamide, but no antrypol, two were stfil infected 
5 months afterwards A group of twenty-five Katsina cases on tryparsamide 
alone (24 grammes) were all negative at the end of treatment 

Resistance to antrypol appears to be rare It has been stated that it does 
not occur m man, but Van Hoof (1938) mentioned a few cases Two of his 
own cases were resistant to antrypol and to tryparsamide, but both strains 
were non-transmissible Dr Hollins, formerly of the Sleeping Sickness Service, 
m a very wide experience saw two cases trypanosome-positive at the end of 
standard treatment with antrypol and tryparsamide It is extremely rare by 
ordinary methods of find trypanosomes m the blood or glands of cases relapsmg 



450 


ccamtot or sucmc ucxims 


iftcr our ctortard UcaUuenL Yotn nd to* coOei^ucx (\oxQ, Moioatcoto 
tad IlAwimo 1933 L<xr*n end Yoto, 1938), wofkinj with T bnen and 
T rkodaunu <Bd not record t doa!)k rwatence to any two of the three drup 
DOW m co mm on ose m Xijeru — antiypol, the and trypammide. 

\\Tiere rerittmee to aracmcak h fre qu e n t, ViN Hoo» tt eL (1938) adrtaed 
the oae of antrypol or a timllar drag aa a pttbGc health mctturcu \ i:< Hocr 
later (1947) recototn ended that it abould be gi t en to all early fw* and to 
atmlhe arsenkal r ciltt a nt ctaea wboae trypanoaomes are atOJ traoamiMfbJe. 
TUa b tantamount to adrbuig aatrypol or a drug m all aioc* 

nether aiacnic r ei aun ce nor tranambtOrility can be dctertdned In the fidd. 

III. INCIDEJfCE AND DISTRIBUTION OF SLEEPING SICKNESS. 

Before 1925 aleepiog ticbKaa in Nigena, aa In other U eat African colordea, 
waa cooridered to be qukacent and aporadic. 

Typical return* &cbi tfa* Nottben Proraicaa wan of tam, dfht aod fiftmi 

cam k 1909 1910 md 1923 re i yj c cth t ly Scott Mactu fl^H) " " ■■ * ■* ■1 orcr 5,000 
pcept* in part* of the preaut Zaria, Ni 0 w ml Doxte Prerlncca. He foaod that about 
7 per cut. bad aocnc cnkcraaefit of cervical afamb tew of ahkh were piB utUf a bb ^ 
OEM poahirt we btood film to ^Rxrt 300 had u y pafto a mjc* . In tb* anne arta* tot 
U gh fciCiKiiao ntca were fisood brtmecn IWO and and today art amexl 1 per etst. 

Is 1925, 8tr Walts JoRXio.'r at the frnt Kadiira Taetae Fly Cooferesce, 
reported as Iscretae of tbe dbetae In the Nonben Prorlncet, adding that tha 
wta doe sot to tpread of Uet*e but to dfirpeml of pcpulailos. freedoia of 
maranent, and tbe ernploymeot of bifc Ubow forces is rmsiag and railwiy 
coQitrtictioiL Tbeae three factors hne been auhaequeotly stressed by other 
Ntgerian wntert (Lmw. I93S, 1945 Hixscro, 1940). Frtan 1928 to 1930 
ttmeraot mccBcal o flker s treated about 3 000 cases annually and, by the btlcr 
year hoapital cases had men to ahnost 2.000. The epidennca were thought 
to be locdixrd to parts of three provinces, but frmber ifroth r e veded nmflir 
condmons elsewbera 1938). As Is other colonies, increased actirlty 

and knowledge resulted m Increased a w are n es s and Ugber returns but there 
had undoubtedly been what Ltrroi (193^ described ts a discoocertlBg 
spread.” 

In 1930 the first surrey team was ergaaiaed. Itlneranl Tolontary treatment 
was replaced by regnlanxed mass treatmeaa. A few years later fire or sa teams 
woe at work and by 1940 the bulk of the pnmary im 'i ejt f t q olfcd bad been 
cocnpleted. 

The dsQy ■■■ nfc " of CbcM trTW ha* been dncribwl br Liam (1945) and HAaptwo 
(T940). It was to tbst of the Freoeb Cewn* ciur t that m rub only the rimpbf 

of ftcwl p u p e t uta and blood ciuukiatlcp blood or thldi fibs) wan tnsd 

ka traaUmit was •tandanfized sad oot based oa indiTidiMl C.SJ^ or caber 

fiadn^ soefa at napeatsa to sinfW Uifs dots of trypammlda wd all tawn loeiabsn 
ia both d bt ooa i* and trastment, there bcait aa *c paml oB into dbcooatie aad 
u eattnoit t — Mora ct a npOcat ed fachtilcTOea would ban dtbyed p re fita * aad requlrad 
aa enotmoody swatcr staff. 
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The pnmary surveys done by the teams fall into three penods In the 
first 5 years infection rates averaging 13 6 per cent (1,246,039 people, 169,440 
cases) were found in the more central northern provmces The position ^as 
serious For mstance, Zaria Emirate had a 20 per cent rate and this was 
causing steady depopulation In the ne\t 5 j^cars, the extent of the infected 
areas was more clearly delimited Although the average 1936-1940 incidence 
was 8 6 per cent (1,510,304 people, 130,560 cases), the higher rates were still 
central, includmg much of Benue Pro\mce, but moderate figures (1 to 5 per 
cent ) were common at the edge of the mam belt In the outlying provinces, 
Adamana, Ilonn, Kabba and parts of Bauchi, investigatory sun'^eys showed 
small foci or sporadic cases, although tsetse conditions were much the same 
as in the central epidemic areas In the last 6 years (1941-46) new suiw^eys 
have been few and mostly peripheral, their a\erage finding 1 5 per cent 
(445,952 people, 6,946 cases) 

Map II outlines the areas covered by mass surveys and reconnaissance 
sun'eys The distnbution of dispensaries treating sleepmg sickness shows 
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ther conccotntion in Ibe btdiy tffccted ce ntra l pronncea, and hory cnoceo* 
tntlon In the two more northerly of the aperfally rotnctcd mining treat. 
Thoi ttae b only ooc dapenaary any aignificant dmince weat of the lago*. 
Kano nilwiy i! treata only two or three caaea a rrimth Tho m Hk p^n— rtff 
near the weatent border of BancU Proemce abo treat rda tl Tdy few caaet. 
The tnuta with high aPTm^l ret ur m ant almoat all in Zana, Platean, and puta 
of Benue Pnmncca. 

In tho Boothem Pronncea, there hare been, amce the ongmal fooa at 
£het deacribcd by Scott hUcsti (1913), a cr ci e but ktcalbed ontbreahi 
in Owerrl and near the Cameroooa coot. In parta of Ogoft and the mtenor 
of Cameroona moderate InfectloQ ratca are known and are tkOw being 
wuh. 


IV CHARACTERISTICS OF THE DISEASE 

DIAGNOSIS PROONOSISi TREATMENT PROPHTI.AXI3. 

Trypznoaombtb of man, mm aeen In Nigem, baa been deacribed by laxm 
(1933, 1933, 1&15) and datrified coto the tame three broad categonea as the 
common tr y pan oeotne atrtina, mild, ncnrtroa and toxamuc. Eves in Tinilent 
^Idenuca the m3d form predocmnatca. Lzam (1936a) abo noted that the 
proportion of a cTcre n err ou i caaea in Uganda, Congo and Sudan waa not moch 
higher than in Nigeria, but SaowDOC* (peraecial cecnmunicatKa)) informed 
me that auch caaei aeoned to be fewer in Nigerb than in Gold C-oartt. 

The oae of the term " mild ** r e laUve . It cocrenlemly coren both a 
great number and a great nriety of catea. The otbe^ two pmafUbtrea, rapidly 
pro g r eni re n erro oa mrolTeenect — the ciarairal gasiwfu# aleeping akknew 
—tod acute toxaemia, are both extremely a erln ca mndjtwoa, and hare bee n 
faBy deacribed in the Ihg ature . 

At the firat gbnee. the atrikiiig (brag about many mild caaea a their 
apparent normanty and good health. In moat tha a apparent only In 1911 
KlitancnDr deacrQ>ed G^d Coatt « of low virulence 13 months later 
nearly of them were dead. Despite the pccdo minanfr of mild cases, 
Lzam (1939) mentioned a 12 per cenL fall in aduh male population In Zarb 
Fmirf fo in the 10 years pr ece din g maaa treatment. In the aame prorioce, 
Hauhxo (1940) confirmed the correlation between death>rita and alecpiog 
aidoieaa tot in an area where caacs were obnooaly iD, but in a district 

nherc more half the cases appeared in normal health, only aix in 3,000 

wers adranced, and not one was dying at the time of dbgnoab. In a neighbour 
ing dstnet, at a Tilbge where 50 out of 500 people had died within a few 
montha, I found 15 per cent, of tbe rctoamder to hare trypanoaombab of 
apparoitly the mBdeit type, almost all banng normal or only aliglitly modified 
spinal fluid*, In Uganda, the gatuMU infection b abo deacribed u mild, 
but btal (Baoww 193S). One moat remember that it b the trypanosome of 
low Timlence i>i»t b tpecailly a i aodatcd with epid em i c s, and thm can be no 
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question of the damage that such epidemics cause Advanced cases and 
rhodesiense-l'ike infections are often rare It is the mild cases that give a high 
proportion of the deaths, and the climcal condition of the majonty of patients 
may bear no relation to the devastation bemg caused 

Close or prolonged observation does, of course, reveal a fairly definite 
syndrome in these apparently healthy cases Symptoms are usually penodic 
and patients are frequently mcapacitated temporanly With high infection 
rates the economic loss to a commumty may be very great The swollen, 
stupid, or rather sad expression of early sleeping sickness cases is characteristic 
Hypotonia, slight facial asymmetry, insomma, rheumatic pains, impotence and 
some loss of strength are common. 

A moderate incidence of trypahosomiases may exist Without evidence of 
serious effect on the public health, but no one can guarantee the stability of 
such a condition. In a Katsina district, despite an infection rate of 1 1 per cent , 
Harding (1940) found no correlation between mcidence and mortality In 
both this and m a neighbouring district, infection rates of 0 9 per cent were 
found in 1946 Among 853 cases left untreated for a penod averaging between 
3 and 4 months, 90 died Hope-Gill (1930) described wide variations in 
seventy m two different areas, contrasting the apparently fit and healthy Pankshin 
pagans with the more severely affected Hausa people of Birmn Kudu in Kano 
Today sleeping sickness is rather more common and more deadly m the same 
area of Pankshm than it is m Bimin Kudu 

That there are truly mild cases is undoubted Todd (1924) descnbed 
long survival, from 9 to 13 years, of eight untreated cases In Ilorin I have 
found trypanosomes m gland juice after prolonged search m people who gave 
a clear history of very slight but typical symptoms, lastmg between 5 and 8 
years, and tending to decrease or actually disappear Such cases appear to have 
estabhshed an equihbrium with their parasite In how many this state would 
be reached, or how many would go on to spontaneous recovery, we do not 
know Hollins and Lewis- Faning (1947) have described a 20-month follow-up 
of Nigenan patients Thirteen still had trypanosomes and their condition 
was detenoratmg, but ten had no trypanosomes discoverable by routine field 
methods and appeared well Some of the thirteen positives had at times been 
apparently trypanosome-free and well, but they eventually broke down This 
might also have happened to some of the ten negatives, although others might 
have remamed well permanently In the same area many of the control cases 
given a smgle dose of antrypol appeared to be cured at the end of 20 months 
I have seen similar effects following a single large dose of pentamidme 

Regardmg the serious depopulation associated with high incidence of 
mild trypanosomiasis, Harding (1940) followed Lester (1938) in attributing 
many deaths to lowered general resistance and intercurrent infection. For 
some years, I have felt that a very considerable proportion of deaths, apart 
from advanced cases, arises from acute toxaemic exacerbation of the actual 
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txypitKMomliia. The mild InfectioD mty be ilowJy progrcaure u rrjari4« 
inrotremeot of the naroui ■yttem, bat eadden bcakdown, with huh few 
tod toTtfTTut, occun iQ pxtioitt who btve htd the ototl minor ratoifettitkaa 
of the (Dtote for month* or crcn yetn. Hoiuio and I^wb-Faftoto (1W7) 
dctaibe one tiich cximpie in i ctmer Moat of these cue* die tnucen tod 
untretted. Some re co ief bat tbeir tfter bataij b thorteoed. From the 
cumben I htve teen, ind from the hbtancs obtained from t u T iT roct or fr o m 
rebtirc*, tha sodden lota of equllibnam most be relttmlj commocL Iti 
occurrence mabr * tQ the more urgent the aetrdi for and the c^y tr r jj i|(«i j 
the coDUDon mUd cate, In which treatment b not tooght rolimtarily 'Hie 
in the Katami caaei I quoted ahow that eren 1 per cent, of a m3d Infection 
can be barmfol If tr ratn' t ent a not anilablc. 

DLunrom jl^d Pitooxoen. 

Under preaeot condition* of lew endemiotj dugneab bf about 90 per 
cent, of aurrej caaea o made by gtaod puncture, which ahould be repeated tercnl 
tmiet if neceataiy Ezaminauen of blood film* giv e* fewer poshire rt*ah* 
under cptdenuc concEuan*. There b no crideice of the presence of 
numbers of blood poaitire camen without glandular enl ar ge m ent. In cDdcmic 
areaa lAcretaed ceil* or protem In the C8 F la regarded as dbgnostic. ReUpaes 
p r es ent a aprrb! diJBcolty After the eahOwtioo of antrypel rt B rare to find 
t rypan oaomea m gland juice or blood. In ttlapacs and In a nrying propcetke 
of new untreated cues — a proportion which may be rtry Ugh In some arcs* 
— dognoata matt be clinical or by himbar puncture. 

HOUJ^n baa abovn the nine, hi dhgnoaB and prognaab, of a simple 
method of estimating the KVmimne erythrocyte seduDcntatioa rate (llouJin 
and LrwB-FA.’ftMO, IW7). The oonnal African rale nne# In different 
trcM. bat a pronounced fsJl in an ahnomul me after adminatration of antiypol 
b diignosCK. Dr hbJtaiUii. Chauceiv. now of St. George s Hoapitil. can> 
firmed the same reiy rapid lO-mlnotc fall ocearred when ^VInt^obe s 
tubea were osed. 

In pfognoau the atate of the C-SJ* la most important. Increase of total 
protein b ^ more atgnificance than ceQ incrcaacs hi deciding trettmect If 
the eXSJ b iboonnil after treatment the eefl count » the more dcUcHe 
iodkator of core or faHore of treatment (HaXDrxo 1945) Using the Skard 
Cantdoobe method of catanaUng total protein (normaJ up to 22 mg per cent), 
beary dosage of tryparsanude b reqaged for amooina errer 30 mg and the 
outlook » poor with mitbl reading* much abore 40 mg per cent. 

Tkeatmext 

ad. or aliDoat all, early case* can be cured by antiypol, penlainidine, or 
butarsen. None of thm dnig* can be osed alone without an enormous increase 
in to lambar puncture all patients and Htminate thou with oenrous mrolre- 
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ment Antrypol usually sterilizes the blood for very long periods and has a 
prolonged prophylactic effect (Harding, 1945) The value of such a drug 
from the pubhc health pomt of view is very great In the advanced stages of 
trypanosomiasis tryparsamide it still the only safe and effective drug, but its 
very moderate trypanocidal activity (Brown and Pearce, 1924 , Yorke, 1940), 
plus the possible frequency of resistant strains, seem to make it quite unsuitable 
for use done m the field It is mteresting to note that, whereas workers m 
T gamhense areas recommend combined antiypol-tryparsamide treatment, 
rather than tryparsamide alone, because of arsemc resistance, MacLean and 
Fairbairn (1932) advise the same combination, rather than antrypol alone, 
because T rhodestense has strains or phases sensitive to arsemc As contrasted 
with the successive use of these two drugs, their simultaneous use is believed to 
mvolve a synergic boosting of the therapeutic value of the smaller doses usually 
given Synergic treatment was advised by Ehrlich many years ago and has 
been favoured by French workers, especially in chrome cases (Sic^, 1937) 
The standard regime given by teams domg mass treatment m Nigeria 
totalled antrypol 3 2 grammes, followed by tryparsamide 10 grammes, m nme 
mjections given at mtervals of 5 days The first mjection was of 0 2 gramme 
antrypol as a test for idiosyncrasy In most areas 80 to 95 per cent of survey 
cases were cured In Sierra Leone the same course, or modifications of it, 
gave a cure rate of 93 5 per cent (Harding, 1945) At dispensaries an addi- 
tional five 2-gramme injections of tryparsamide were given The use of a 
synergic antrypol-tryparsamide mixture (0 5 gramme antrypol, 1 5 gramme 
tryparsamide) is now more common, six to eight mjections being given in early 
infections, and up to 20 mjections to advanced cases Its advantages are that 
survey cases obtain the same amounts of the constituent drugs in 30 instead 
of 40 days , dispensary cases who attend for only 40 to 50 days, as many do, 
receive rather more of each drug and get their tryparsamide early , irregular 
attenders get antrypol at each visit , m chronic cases the results are rather better 
In Nigeria our patients normally stand up to these various courses very well, 
unlike Harding’s (1945) sensitive Sierra Leone cases Our death-rates during 
treatment rarely exceed 1 per cent , blmdness is less than 1 m 1,000, impaired 
vision after treatment about 1 per cent , and exfoliative dermatitis is very rare 
I have seen three cases only 

Pentamidine could replace antrypol Provided that it is given by intra- 
muscular mjection only, it is safe It appears to have a slight action in nervous 
cases, though this is difficult to prove, and it is a prophylactic Harding (1945) 
finds Its combination with tryparsamide non-toxic, and Nigenan experience 
confirms this For large numbers of survey cases daily treatment may be no 
advantage (Harding, 1945), but a short intensive course is useful for small 
groups of mild cases m remote areas For these we recommend pentamidine 
isethionate, 100 mg, the 1st day then 200 mg dady to the 7th day, together 
with trjparsamide mjections totalling 6 to 9 grammes m the same 7 days, or 
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in ]0 dijn, \VbeTc mtaj ptiiertU *re tocJermm to JtntrjpcJ, p«itiaiJ<Eae a 
tnd i cited . Othentire then h little to choou b et w een them tfid t AmI decbwQ 
vouU rest moetiy on tbdr respectlTC keeping quilitiea tod «-rwt . 

Butmeo alone it dTectrre only un etriy cases. There seems do pout in 
combfaung thh trinlmt menical trtth trypanamide m adrtaced cases, and 
to our expeneoce the cocnbiimicm is oot so good as synergic antiypol and 
trypanamide. 

Two arsemcili now on trbl are mdarsen and raeUrsco oxide, bat toother 
year will elspac before the revaht can be properly craluxted. Meltrsen has, 
I beHcre, bm discarded elsewhere as being too toxic, but so £sr we fatra 
obacrndnoondoetoxidcy It gfrea good immediate rcaohs and in two bstaoces 
rapidly aterilfied patients srho appeared Uyparsanude-rcsisUBt. Meltrsen 
oxide is po werf u lly trypanociiitl bat rery toxic in tdrsoetd cases. It sometimes 
fills completely te ec^ hifectioat. In aerrous loralrasent tbe C.8.T cell 
count mty be rspklly redaced, bat tftcr 6 mooihs tbe rekpae rite is one in three, 
TIus dmg is not tutible for toe m tbe field. It may find s place in the coO' 
trolled treatment of selected sdranced cases in bospHtl. 

A drat oocabsihta aD the (rropertks of aainpol and tsypaownU* and knpfrmng on 
tba fr»VT of (ha knsr in aerare n amaa cases baa yet to ba touad. 

In eba fnat ma^edty tre s aneot b toakfatfemid and cji actt w i aest dfc<aj ? s «b« 
b esrty seal afan attendees for tbs sD-l uip ot i sat t&hbl coutm of tnataant b 
TSfote iSit few sedouatr CB t ntset ato or eery s d i i n tsd o ara u esaet mpdie eaiefid 
tal reset badly to Idsh dosage, A raiktctkto bi tba manb er of ebrmie 
w»Wp«wiy ■> enmmon at ■am <H n -«*«ns-rie a and tospftsk. fcflcwa on earib dbgnoab, 
isfokr rr— friMwt , tnl cKity re i t ew’ to asesmin tbs aeed feo' seond coom cf ti aat ana t, 

Dxtro PaoPHTtAxn. 

A trial of autiyp ol ts a propfayiictic m mhdng camp* gare certain protection 
for 6 weeks but not for 3 moot ha. It was not coosidcnd justifiable to expose 
betkhy Ubotircrs to the sligbt bat tlcfimte rbk issodited with sntrypol for soch 
a brief protectioo (Lmta, 1938, 1W5). Van Hoot and hn associates (l&U) 
hare shown that pentxmkUne gtrea longer protcctum, and Vam Hoot (1917) 
advisea its general nsc to remforee the cficcts of mssa treatment. In aauH-acais 
experiments m fwlnmj camps since 1944 we bad not, np to the end of 1946, 
found a <-w of orert or aj'^itk Infection in those giren pentanudine, eren op 
to a year prenously allhoogh some laboorcrs left the area after shorter periods 
and may of coarse, hare derdoped InfectioQ after leaving In the restricted 
frying arews of Plateau Province, two-thirds of the 3,500 labourers are now 
being protcttcd regulirly being given pentsmidme iseth io n a fe , 250 og^ every 
4 or S mootba. 

V GENERAL PRINCfPLES OF CONTROL. 

The general pnodpka of control, by chcmothcnpeotsc, sdminhtiHivc 
or anti-tactse measures, have been lecognued for over thra decades. 
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In a review m the Sleeping Sickness Bulletin m 1910, Bagshawe stated that oven if an 
effective drug was found, control would be uncertain until cheap and effective means were 
found of suppressing tsetse, exterminatihg it in one area, reducing it in another Twenty 
years ago principles of Control were clearly enunaated by vanous committees and com- 
missions French recommendations underlined the value of agricultural and administrative 
measures, and the importance of protection from tsetse, of resettlement, improved dietary 
and general welfare Chemotherapy was then recogmzed as the soundest basis for the 
prevention of sleeping sickness It still is, but it should be regarded as the foundation 
only Where it seems easier to control the population than the ubiquitous tsetse fly, 
there is a danger of relying too exclusivelv on chemotherapy 

In Nigeria, when Johnson and Lloyd first reported the increase of sleeping 
sickness in the Northern Provinces and advised on staff for treatment and 
tsetse control, they affirmed that, in the areas concerned, fly could be controlled 
or eradicated by clearance and resettlement Within a few years of the start 
of the mass treatment campaign, Lester {Annual Report, 1934) reaffirmed the 
acceptance of these principles Immediate control was to be by chemotherapy, 
ultimate and more final control, where possible, by extensive campaigns of 
protective clearance made and maintained by communal effort As a last 
resort, where these measures failed, concentration of population might be 
necessary In later papers elaborating this policy (1938, 1939a, 1945), Lester 
emphasized above all the economic and public health aspects of control The 
primary aim is the permanent prevention of deadly epidemics such as were 
experienced in the past ^Vhen, however, sleepmg sickness is brought to a low 
endemic level, it may have no greater effect on the public health or economics 
of a country than have a variety of other endemic diseases Then expenditure 
on further measures of chemotherapeutic control must be balanced against 
the benefits accruing 

In controlling epidemics, chemotherapy is our strong right arm In new 
foci and m epidemic extensions, the common trypanosome strams are most 
amenable to treatment In all but exceptional areas m Nigena we now know 
that efficient mass treatment, repeated if required, or fortified by the provision 
of permanent treatment centres, ivill in a few years reduce sleepmg sickness 
rates from a dangerous to a reasonable level There is still a grave potential 
danger, even if the infection appears mild To mamtam or further to lower the 
incidence by treatment alone is expensive, requires a constant vigilance which 
cannot be relaxed, and may prove obnoxious to some tribes Fmally, such 
control IS palliati\e and not permanent. Lester (1938) always insisted that the 
only certain and permanent method of control is to reduce or ehmmatc man-fly 
contact wherever this is possible 

1 he primary chemotherapeutic aim is to control epidemics The secondary, 
the inherent nght of the individual sleeping sickness patient to receive treat- 
ment as full} curative as is possible, is not neglected The ideal is to combine, 
WTth the minimum upset to both the patient and the commumty, plus the 
minimum burden to the Treasuiy, the preventive sterilization of the earner 
and his full restoration to normal health As yet we have no single drug which 
wall do this, and no combination which will do it rapidl} in all cases 
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Concurrence In Lzmx • tIcw*, cotnci from tuch tutborMet ts 
De Bkauweu (I03S), of tiie Belgun Congo Fcrennl, tnd frtMn \ acoo. {1W3) 
in French CarncrooiB. The Utter confirms that t low ny ^ ©f try 
ptnmotrdita does oat tSect popaUuoa figures «nd hinUy Interferes wuh 
econo mi c ictmty More recently Vah Hoof (1W7) hu erted the UDore of 
rery intencnre tfcHment to ehrmnite infection. He recommaidi r^ulir 
prophyUctic injection for the whole of the non-mfected popaUtton. In conanoci 
with p#st pohey we would reserre this nthcr onerous restriction for spcdil 
ETcsi, such u fotntng csinps, where sleeping sidmess msy be tn induttriil 
disesse of gii re danger 


Riwtlti Of Mass TarATMurr 

The oigaiuzuloD sod r n»rt l fi^ wotii of the N i g eria n sarrey teams bare 
been described by Hasdd.0 (I&40) and Lcrm ()&45^ The latter also pays 
high trOnite to the role of dapensanes m consolidating the guoa won by mas 
trextmeiit. The chain of dtspenssrles bad its beginning in 19^ wba the 
poctibiCty of doing regular or annual r cwu i cj s of arcus, a is done lo 

other eolomea, bad to be discarded. In war time, when team work M for 
a time except m one prcrrbice, the munber cf dtfpeniarks wa IncTcaaed. There 
srere, In 1943, eighty-ttlne ditpeasana and some tempomy dressing atatsom 
witfeh prortded treatmetit for sleeping aichorn. Of the d u petts an es, fi/tf-oee 
vtre ton wbofly by the Steep in g Sicbea Semee, which alao supplied lUff to 
twenty natlre sdauoflxrstioti units. Lord HULtr (1903) str es s es tlwt the mee 
muhlpljcatkm of facilities for the treatment of such mdiridoaU a apply ta not 
enough when dealh^ wtth maa dis e ssea. The Nigerun sleeping ndtoea 
dispensaries have ahi^ been reg ar ded a centra from which the dispens ar y 
staff senior African stifff and tourmg officoa, should do periodic resurreys 
01 the ara serred. Low di^maary returns ve not always suSoent cridence 
that mfecthm rata are not rislDg sod they must be backed up by the more ddinitc 
information gi rep by resurreya. This frinction, a regain dispensiry staff 
gradually faded m moat distTKXa when medicah heahh and anti-cpldenuc work 
grew burdensome, but tt now being succosfally rcr i te d , espec^y a natlre 
administrations take orv chek share of the general work. 

In 193S it wa pl*nnni to assign experienced medical oSetn to certain 
prorinca to follow up decltnhig epidemics and treated coses, but the war inter 
Tcned. For long periods there might be one mcdkal officer in the field, and 
ibcre »ere seldom more than two. Once, for 3 momha, there wa only one for 
both field and bcadquarters srork the adc va legolatiy to hare a medical 
o ffi ce wa Benue Ptotukk, which Hollco and Liwis-FA^rcfo (1947) describe 
a about the lae of Scotland, with 1,200,000 inhabitants. Senior African staff 
supemse regions with np to sot diipensariea, conduct i c am rep snd 

foDow np cases. 

The present tendency b for moat r e sur reys to be done by snuff teams 
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visiting all principal villages Attendances for examination are usually good, 
and may be over 95 per cent wth European supervision, but normally no drive is 
made to enforce 100 per cent attendance except m special cases, eg, high 
incidence, or a known resistant focus In distncts where work by full teams 
met with passive or active resistance before the war, good results have been 
recently obtained by small sub-teams, whose work is inspected and checked, 
but not constantly supervised by European officers This system is much easier 
for the peasant, the native admimstration officials, and our small European 
staff , and much larger numbers over wider areas can be examined 

The dispensaries have always been popular, particularly in pagan areas, 
and ^the proportion of trypanosorae-positive early or moderately advanced 
cases IS often high In recent years, with decreased supervision, many patients 
attended irregularly or incompletely Luckily the standard dispensary treat- 
ment catered for the more advanced infections, and cure rates remained reason- 
ably high There is, however, especially in the old endemic areas, usually a 
steady decrease in the number of fresh infections, with a relative increase 
in the proportion of chronic relapsmg nervous cases requiring prolonged treat- 
ment Tffis may be due to selection of strains (Napier, 194ff , Van Hoof, 
1947) 

From the public health point of view, it is not economic to have staff 
immobilized in giving long courses to advanced but epidemiologically non- 
dangerous patients, while numbers of more or less healthy carriers are at large 
m the area The principal function of dispensary staff is now to co-operate 
with native admimstration headmen m doing frequent village surveys The 
early dangerous cases and the early relapses are then brought in regularly for 
treatment under the iving of the hamlet head, who is responsible for them In 
Zana Province the proportion of relapsed cases under treatment has come down 
from about 40 to 18 per cent (This figure is not the relapse rate ) At one 
dispensary, where the local cases have been followed up, the proportion of 
relapsed to all local cases under treatment has fallen from 45 per cent to nil 
in 3 years As checks on dispensary figures, touring officers see groups of cases 
before treatment and do spot surveys in the same districts 

The global figures (Table, p 460) are a reasonable yardstick for measuring 
progress Since 1931 half a million cases have been treated The 1946 resurvey 
figures are again below 1 per cent for the first time since 1939, and infection 
rates found by teams or by dispensary staff are similar The 1946 samphng 
was adequate, half a million people havmg been examined in areas scattered 
throughout eight provmces In one Katsina distnct (Galadima), where past 
sunvy had been unsatisfactory (Lester, 1939), and where there had been neither 
dispensarv facilities nor protective clearing, the infection rate was recently 
2 8 per cent (2,004 cases in 70,658 people) Similar, though smaller, foci 
occur in other provinces Resuiveys have mostly been made m areas of Katsina, 
Zaria and Benue where original infection rates were from about 10 to l20 per 
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cent ind in •^nme cn=t^ iniit.li his’her T here Inve hern nn repnn-- of mcrc.n^inj; 
incidence fro n the edited of the old ciidctnu tret StAfT t^t nint *i\in!ih!c to 
a'^ccTtiin the exact po'-ition in the^e {'rtniiuf* \ rc'-tirtev m Ovtcrn in the 
‘-onth n.\cilc<J \crv fc« ci'^r^ 

\nntial di'pen^in retnrn'i ire fnrh conMint irotind KMt'V) In etch of 
the lac 2 \eirt more thm n thmiund nf ihttc have hern etrlt infrciionn hroinjht 
in after Mlhs;c ninc\< We hope to incrm'c the proportion of thece The 
chirp nee m 1*>12 and 191'^ to I't.t't'Vt di-tpcncan ticrc cnrrr'ponded uitli the 
openme ol numheri of neii. dtipcncinrc 1 he i\c'it:e innin! return from 
dicpcncancc ti'cd to he over 2>V1 It i-v non hirU Mcidt it ihont 110 I he 
nine of ilic dicptncariec !«■ f^iioun h\ the fact tint thn treat per ccni tir 
more of ill ca<cc in the colonv 

Hospital ticnrc' chow '•omc inc'cicc hnt uill prohihK fill n tlics did 
after followinp citcnnic fc iinc\i WorK thi'i \cir in di trietc romnl 

two liocpinK vvh conci'trntU Ineh return'. pi\e Ioa infection rut around 
and below per cent ‘ipccnl •'tiir is juoted to such hoipuiK to etnitinue 
recuncNc, to co-tipcnte with native idniinoTition'. m ensurin' rcqnhntt of 
tren'ment. and to relieve hnvpiiil •^•a’f of i hciw burden 

1 hece refill's mi\ nn seem spccticnhr when comjnrcd with the low 
infection riles ohtiincd in tvlic' eolonici Oiir ven <nn!l trcitmcnt stiff his 
however, ictomplislicd its set nsl of rcdiicinr i dcidl) epidemic to dfe propor- 
tions without imposinp undue rcs'nctions on the people in tmcnl It should 
further reduce incidence is the entomoloiusis and t'ct c control workers extend 
permanent scairitv 

I he view of I rsiri' (l*^'la) was that in nort area*' in infection rate of about 
1 per cent would have little effect on pcncral mortalitv I It added the import ini 
provisions that population fii;urcs must he satisfactorv , that there he no stpns 
of increase in the disease, and that permanent trcatmcni facilities he nvailahlc 
rhese arc still Nigerian views We add to them that there niu'l he the po itnc 
evidence of rcsiirvcvs that no increase is oteiirrmi:, and tint full and proper 
nst must he made of the facilities we provide 1 he onus of irranpim; attendance 
for examination and for remikir trcitmcnt is of eovirsc, on the native 
administrations 


COSTIIOI OI 1 slTsI 

Orpanired rcscirch hepan in 1921 llcforc tins some inlcrcstmp work 
had been done and, as earh as 1909, there had been a trial of what we now call 
partial or discriminative clcannp, ;r, the remov'd of undcrprowili and the 
thmnmp of larpcr trees 

The semi-arid climate of the northern pirts of Nipcna is so iinfriendlv 
to tsetse, V hich barch survive the hot season hv rctreaiinp to perm ment pools 
and dense shade, liial limited or partial clearance ma) upset the delicate balance 
(Nash, 1940) \t present we are dedinp pnncipallv watli (7 tnchmmdfs, winch 
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cm exut m * \«iy narrow fringe of nrerme thade, ai may be aeen in tbe picture 
of a dcarmce gang at work (Rg 2). Towarda Ita northern rrmft. clearance 
againat C pt lp th t la pncdcahle and effectirt (Loter, 1M5). 

ISA»H (1937) dcacrlbcd two Imea of approach, the diefcntiTe and the aggre*. 
tire. DefenuTC, protectnre or “ rod ” demnga are as used in other cdonica 
to reduce penetration of fly at forda, water pooTta, etc (BaowH, 1933 Giibi\x, 
1941). Since high Infection rates depend on rery dose contact anth fly weQ 
planned deannga wOl gire a high degree of protcctioo to the popnlatton In the 
course of their normal occupation, deannga must be well maintained to grre 
pennanem proteetKm. Maiu recommended clearance of 300 jrards on riiher 
tide of a danger spot at the mtnim nm for O tmdaotda and 400 yards for 
G p^p*hs In practice, 400 yards is frequently used in pure ta ckiM dg 
country deannga may be oteoded and linked op They must be mthlcsi 
DO trees ire left, but grass tt not cuL The application of protectlrc measures 
throug h out a large district of semi hundred square miles demands consider 
able local knowledge and gr e a t anentlon to detail A tingle djstnct may req u i r e 
orer 200 IncGndual dcari^ etch at least 800 yards long 

Aggression eotsUs the complete ehminmoc of tsetse from an area. Nash 
accompiiihed this at Anclnu by a combination of psital dearance throughout 
tbe nrer systems plus bsTiier cie trin gs aloeg aB stresms st tbe border of the 
oetse'free area. Tbe bamer deannga, which are frntl i l to p c rr ea t re-lnnsios 
from untouched mam riven outsit tbe am, are mthlcM, a mBe loog and 
extend back 50 yards from tbe stream bsnki. To maintsm extermrt work of 
this mturv at least agt enty people to tbe square mBe are needed. In many 
areas of Nigeria thn would entail coocentration of popalation. 

In 1935 tbe outlooi: as regards control of sleeping si cknes a vrat gioomy 
High infection rates were stiD being found both at primary sur rey s and st the 
few returreys which had then been done. Tbe dispenaary system was In its 
tnfsocy and outlying prorloces had not yet been mrestigilcd. Tim was no 
tramed staff for tsetse control, shboogb tbe pnnaple of effecting protective 
deartnee by communal effort was accepted and some native adminlstratioot 
had done useful work under tbd guidance of medical and admmijtnliTe oflictn. 
Local approval was c^Kalned for a scheme of general expinsiaa of sleqiiQg 
skkneM control and s grant of^C^ 000 was grren from tbe Colouisl Derdopmem 
Fund, ctmdrtionsl on the ei p o ditorc by Nigeria of an extra £55 OOO over and 
above her normal «npitil expenditure of about ^25,000 Tlic grant was to 
be spread over 5 years, but tha was extended to 10 years. The scheme of 
expansion induded bnprovenient of tr e aU it ent frcBitie^ prorfrkn of staff to 
pUn and supemse a greatly increased campaign of prot ^lv e dearance, and 
funds for a smaB programme of aggressive dorance involving some concen- 
tration of population. For thn last, unproved village layouts, sanitation, markets, 
water supplies and other measures of general derdopmait were regarded as 
ewentlal from tbe beginning The main loag-temi pd>ey was mass treatment 
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plus protective clearance The scheme of concentration and resettlement 
in tsetse-free conditions was an experiment that had to be undertaken lest other 
measures failed and large-scale concentration became neccssarj In the event, 
by the time the scheme started in 1937, treatment was producing good results, 
the freedom from infection of many provinces was known, and it could be 
surmised that concenuation would rarely be required 

The staff for tsetse control and resettlement was to number fourteen two 
entomologists, an administrative officer, a water supply foreman, and ten control 
officers, most of whom had agricultural qualifications Although the resettlement 
scheme was controlled bj the Sleeping Sickness Service, there was an advisorj' 
committee of semor departmental officers, and local departmental officers 
gave much advice and assistance The Emir of Zaria was frequently consulted, 
and successive Chief Commissioners took a close interest in the work at Anchau 

Protectiv^e Clearings 

Work b} the new control officers did not begin until 1938, and by 1941 
what staff remained had to be concentrated, with great reluctance, on Anchau 
Two years later protective clearance was resumed, and by 1945 so much had 
been done that the remaining staff, now three control officers onlv, was almost 
fully occupied in maintenance of old clearings 

Map III, p 464, shows some of the areas of protective clearance m Katsina, 
Zana and Kano Provinces, and their relation to the Anchau tsetse-free corridor 
Very' extensive clearings have been made in parts of Kano not showm , smaller 
areas in Bauchi and Plateau have been controlled , and old clearings in Sokoto 
re-examined The Kano work has been largely a reclcanng of streams origin- 
ally done by the native administration many years ago Protection has been 
given to about half a million people inhabiting some 6,000 square miles Not 
every' hamlet in a district can be protected , some have too small a population 
to make and maintain the clearings required The only solution is to move 
them, or to pay for the clearings if the local population can maintain them 

As an instance of the work done, thirteen villages in the Oaladima District of Katvina 
were protected in early 1946 Infection rates in 1945 had been from 6 to 18 percent The 
total population was 6,700, of whom 1,800 were adult males or youths Twcntv-threc 
clearings totalling 10 6 miles were made This would take about 10,000 man-dav"; r-gb 
paid labour but the villagers reported that it took them 17,700 man-da>'s That n onlv 
10 i^ys per adult male or youth Re-slashing required 5,000 man-days m 19461-17 and 
wll become less yearly The shade along the rivers was heavier than the average forKatima 
Fly was found m only one clearing m the 1946 wet season ™ 

The regular inspection of the very numerous clearings made is a heavy 
burden, and must continue for up to 10 years from the original date of clearine 
In provinces where extensive work has been done, it is now agreed that th 
native admmistrations will have some staff and funds for tsetse control ^ 
The efficiency of these “ rod ” clearings in reducing fly at danger s 
IS undoubted Their effect on infection rates is becoming clear m the d t^° 
where protection has lasted some time In protected Zana districts the incidence 
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2 Kankara and Dan Ja Original rates 11 and 7 per cent Clearings 
unorthodox , 1946 rate 0 9 per cent , but low rates m properly protected villages 
and high rates in those poorly or not protected 

3 Kogo Original rate 9 per cent Clearings orthodox and efficient , 
1946 rate 0 1 per cent 

In future, an entomologist and six or more control officers mav be engaged 
whole time on protcctne clearance work, and dc\elopment officers may assist 

Aggressive Clearance— The Anchau Settlement Scheme 

Colonial Detelopment Fund assistance having ceased m March, 1947, 
maintenance of the settlement scheme is now to be gradually taken o\er by the 
Zaria native administration and bj the Provincial Development Committee, 
on w'hich all departments are represented, and will henceforth be under the 
same direction as other development schemes Development, and especially 
rural development, is in the air these days The question used to be asked 
vvhj did the Sleeping Sickness Service undertake well-sinking, stock-rearing, 
agncultural w ork, etc , at Anchau ? Lester's answer w as that, when he first 
put up his proposals to include rural development as an integral part of the 
scheme, ev eryonc w as agreed that rural development w as urgently required, but 
no one wanted to be the first to start The ;^95,000 grant, part of w hich was 
spent on Anchau, and which was regarded as a truly enormous sum, enabling 
us to do what no others could do, or ever hope to do, is nowadays almost 
chickenfeed To cnticisms of expense, one grew tired of insisting that Anchau 
was an experiment, the first of its kind, and that staff took months and years 
to tram. Now, numbers of officers would not spend wear}' and costl} months 
afoot doing topographical, vegetation and other surv'cys , one would not start 
until full air survejs were complete, and then probably go in with helicopters 
and bulldozers 

The Anchau tsetse-free corridor, linking two of the railway lines that 
diverge from Zana, is some 65 miles long, ov'cr 600 square miles in extent and 
with a population of 50,000, slightly smaller than originally projected It is 
tsetse-free Nash’s combination of partial and barrier clearings is effective 
The annual re-slashing of the clearings is now a light task, less than 1 day’s 
work per adult male Corridor inhabitants still get sleeping sickness in their 
journeys away from home , 0 2 per cent were treated in 1946 Visitors to 
Anchau are perhaps sometimes bored when we stop at a river to show them the 
grass growth and lack of erosion m a barrier clearing (Fig 3, facing p 462), or 
streams where the only remnants of dense thickets are well-spaced stately 
mahoganies, sometimes with patches of sugar-cane or irrigated market gardens 
Nash and his assistants spent their first 2 years in making the basic topo- 
graphic, demographic, agricultural and economic surveys on which the popula- 
tion movements were based, and on which much of the success of the scheme 
rests The problem was not one of mov'ing primitive people w'holesale into 
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nnr land*, but of remtegnitiog i whole •ocal tnd economte cwnpJei, eapeconr 
fai Anehaa Datnct where the m^or moro wtrt to be. The people from hamleti 
to be cncmitii had to be doreuBcd into the incertnl lindr «roond their pemt 
tovmfalp not jitft rnlo tijy conrenient T»ctnt Und. There niutt be no orer 
crow limy and *ofl uspo%-en>boKirt. TTie new »cttle7nenta h»d to be roodeJ 
lilltge* With ■ richer* hfe, baaed on pemunent tgricoltttre animri hutbtndry 
■uu^ water coppGei, higher ttandanU o( bjjKoe. rariet; of crop* and frimi 
for con* am pt ton and for tale, and conPtilled forcat management. 

Map n ahowa the centre of the comdor ai^ Anehaa Dutnct. Fonnerijr 
In ihci dwtrict, 13,000 people occupied 377 aqnare mSe*. By trtonng 3JOO of 
them frnm forty two hamlett a cm ere d throughoot 200 aquarc mll^ m the 
wiftgi of the diamet, the «hc4e population now occupier 170 aquaie mOc*, and 
moat of the n-ncuated Uod ca forcat rcaerre. Before monog theae people 
there had to be detenmned their (and requircmenti and the agTKukuTal peaai* 
bHitrca of the patcbci of land aradable for them between roating rillagci. The 
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covrwjL or »iiEnxo sickxess 



Pw 9 — Lhcrtoci UBfnwrmaL Tbc hwwrhoAJtr «bc> t m » die fin end 
breed iBu«(bon,h n oU 8^ oMe cod nn* dcmecerstion fna. 


possible pro^em hu been grtdcun^ fauded o\tr to the dtetrici besd wnb hb 
rillsge betdirten, sad to the ostn'e •dimcustrsiton forestry tYiemary ssAiuiy 
sod tgncalmnl ttcstsnts bo hire srorted with us for yevt uadtf the dtf ec t iop 
of thdr EuropecD provhuxtJ ofGcers. In liner years rrg^2lt/ rtids hare bees 
made to all villages by t propaganda team. representitlTe of all departmeota, 
who leaefa, preach, adme and report oo all derdopToenla. Tins pr o pag aadi 
worl should cootinue. The weakest hnk m the nauve adrmoittratkm chare 
IS often the hamlet headman, but the Anchau district head hat now cQTa 
asuataxna to maiotam contact with the barelm. In ten central villages Imle 
schools have been started. They teach rcailreK wnlmg. simple inthrectlc, 
w ei gh ts and meaturea, haodicnfia and rcligkm the Rorarec teacher who gets 
7t 6d. a month for ha services, ts shown on (he nght in Fig 7 From 250 to 
300 children attend and bout 200 aduhs. the latter Irregularly Fig 8. Tintwo 
is in tlaosa, and soon the new Ciikiya Corporation should be produemf re 
addition to a daily paper trrtbooks and pampblcts on rural aubjecta, which 
these pupils srill be able to read for the instruttion of their famltica. 

TTie Sfeepreg Stckoesi Semc c wfQ continue to work m (he ccmdoc — then 
are oScca, stores, dispensanes, ths pen aa ry attendants school, and the niaio- 
tenance of ttw dcanngstokcep us there — andwiD be represoaed on thccommrttee 
controSinf the scheme ^t present a sleeping Rckness control officer ts In local 
charge later there may be a dc%eloptnent officer Funds sr rtiD required, 
some a vear and are t be p o^ed panh by the service, partly b the 

native adremjstralKm. Tim amount should decrease as items like ptp breedreg 
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ccamcoL or cLEzmc ncsnss 


6. A* a pfophtlactic penamklmc appear* tafer than, and aupenor to, 
antrrpol, and ia being uaed in irnrting campa. 

7 Mcai treatmeot and di^ieniane* have redneed mfcctKin rata to iboot 
1 per cent, in the higUf infected ccotxil endemic areaa. Thk tk>e> 

not aenouijy affect the pubhc bcahh but there moat be potiUre eridence that 
infeetjoQ ratea are not mcreaaing and prqier ibc must be made of the treatment 
faciirtlea provided. 

8, Permanent control meana vector control 500,000 people have been 
protected by defemire dcanngt, and another 50 OOO hre m the Anciau cemdor 
wbkh haa been nude taetae-fcee by a combination of paitul and barrier cicaringv 
Morcraent or cooiniir alien of popidanoo u a laat reaoct. At 
expenraental concentration «aa caaodated with meaaurea of rural dereiopinent. 
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OI^CCMION 


Dr K W Todd I waAl to aMt kjidc rather eleromciry qnotioeii. Fim 
of *11, mill Dr MrJ JTonE icll me mhetfacr the formol-jenan reacrion hi» 
come to anything ? It mat iBcful, peiham chiefly as a DCgailTC test, mhen 
wc tned It In the Coogo Atvother point In diagnosis Dr McLtranr men- 
tfosrd that a nomber oi lotnbar ptmerum KTre dose hot onlr by docton. 
The Belgian* Hare always been ah^ of us in training medical tJUitints, and 
I remember one of the Belgian aanltmry Inspectors told me that be had done 
110 lumbar pememres In a day I 

Another pednt 1 halarsol a an aid to diagnods some of us used It 
against sleeping ticknevs. I found that it had no apparent cfiect on the dis- 
ease. but h cleared up yaws mbere they ciisted along with the ileepmg dek 
nest. One case I remember because I gate a Jong coiimc of halarsol and 
suddenly found that be had msssn of trypanosomn in hli glands. Joe when 
I deeded to gire h op hts parentn took him away they brought him back 
In a dying conditkm, and he died after an injecrion of cryparsamlde. A 
TCtmnary surgeon from Nigeria tatd he found t^t halatsol in Infected cattle 
produced ^oo^g of the peripheral circulation with nypantweroet presumabiy 
they mere T h n i c ci When I ment to Sierra Leone In IWl there waa no 
sleeping sickness reported b my am there was a Enk around Freetown. 
It tt now rerr commoo b that comer near Liberia. At that rirne I was look 
Ing for ribical cases of sleepuxg rickness and ooe man was r eported to me 
as a fuimy f"*"- f asked loog he had been funny and wu told it 
was about 3 months. So I eraenbed hire for trypanewomet and gave him 
halarsol and re-eaamined mlibout rrwjh But I found ihat mr ward was 
rocking with laughter mheoner thi man iras b it. I enqnlTed and found he 
hid bt« court Jester foe about 3 inonthv Hence the history 1 There ts 
now a great deal of slee|ring nckDes» there, a well as in Lfbcria. espeoaUr 
amceg cMdren. Serenty per cent, of the school children at one sutkn are 
rellahly reported to hare gos Jf though Ji* rthterw hai been cffidally denied. 

One other poem relare* to mhat ts called the sek edTe destiuctioc of bush. 

I wish Dr Stmxt Moaaia had been here lo fell us about jb t because it aj^icars 
to be of my great im pum nee. and I do nos think i is the same as pairlal 
desmictioa. It u the dntroeooD of totalled pie-historic types of shrub. 
Dr Momai# told us that in the no*th pan of the Gold Coast be can train a 
boy to select the thirty or so different ranetles that he wants destr o yed and 
such ciearfog no e»«m] diflcrence to the fomt. From the piini of 

lew of farming h makes no diffcirnre 

Pcfflg Tamale, a great eiermaiy p ro j ect of the Cold Coast gmernment 
was sartd by the same tjmtu of tsasc eradkanoo We are nom coming to 
beTteie that me can ha e san factorr rector coorrol, and I belleic 
Dr McLctotti has got II 
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DnCUWOM 


iiypuio*omia^V aiid I ooikctl that ihe higher Kdimentaricn raicn occurred 
not In the more idranced c»^ with the higher cell count but la the people 
with rebaicly early Dcnotn syncni mrolvcmcnts auxl ceil counti ringmg 
b«»een 30 and 40 per cinm, f CSJ If »c incorpontc Dr Hoeuxt • pro- 
pontkn tkng that Doe then thcae are the people mon likely to die Crocn 
acute exacerbations of the toxaemia. I dunk thia is the critical point in 
OTt£naiy mild caaei of nypanonmiailx. when they cJiher die of the toxaemlc 
manlfemoon, or rum the comer In the laner caae their *0(11010001100 rates 
begu) to fall again they ba e managed to regain a little biological equUlbnnra 
to the parasite and they htc on, tobecoow typical chronic cases, and die frtan 
hitercurrcnt hifcetlon and InabiEty to hold ihdr oisn in the competidrc life 
of the bush. One faaor which may produce breakdown at the critkal period 
ts I think, w ork. Dr Hollk* himself w rot ahour a case of at carrier of his. 
perfectly sr^ appare n dr working for him, who died of an acute toxaemia 
within a few days of pumng his load dosm after a long trek. Thl son of 
breakdown can brooghi about on a masa scale, br malmtiridon after failure 
of crops, or an unusually heary fanning season causing a great deal of work 
among the adult raale populadoo. These people may die suddenly soon after 
being seen b apparent good health by brj o&ctn tourug in the bu«h who. 
when told that 5 or 10 per cent, of slecying sktness of the mild ttpe exista. 
may be somewhit sceptical bec u rse they do not see the classsca) cases. Further 
on qoetdoclng these padma with eaify nermis sjueiu Inrolremest 60 per 
cent admlned to haring oo lyiuptuui whatever That K 60 per cent of 
people at the mon critkal nage of sleepiiig uckne-" would not in the onEnarr 
way seek dUpenaary rrearfoepL ThI mar be cue answer to the problem of 
whit happens to the^ wxsdled “ mild cases of W en African rryparxjsomlasis. 

Piolesaor P A Buton 1 snsh to say a word of apprecianon of Dr 
McLrrcsax'a paper which I ha e enjoyed lery much. One of the things we 
most need U expert summanei of large pieces of knowledge it Is ertremriy 
difficult to be up to date, and a paper Hke thi presoiting ■ broad siew of a 
large subject by a man whh first hand Lnowiedge is of great value The paper 
Is aWn wektxne because people wbo ought to know better often teH us that 
link b being done about sleeping SKkness. I bare come bad. from prokmged 
rraTelling In East Afrxa. realizing what a tctj great deal ha been done br 
Bnlish admlniftration on that aidr of the condnenL 

Here we hare the story of a major conquest in est Africa 1 ha c raeself 
seen Anchau. A large number of people and cattle are Dting healthily there 
and thb b one of t^ most remarka^ things you can see m Afrka in the 
whole range of TnMVtnp and pobBc heahb Moreover the work has been 
efficient and cheap. \‘*'hen yon coosideT the figuits yen ha e to t t membet that 
Anchau was a first rfort. and that moch rime and moorr wa» spent working 




““Wssiov 




« e ..> -c 

, oirt^ ^^Tnt ^^dcp fj^^ ^^OOq p^e 


47s 


■.y ^Pmcn. ^ ' O'er , ^S^Vt ,;/ "'^Qer /7„ '^m ,,„ r 


/«? 


3 v 9 /?/ v . 




6 , 

07 ]p 


^nn,;’iS<^^Uo7 


‘111 

” P^Jnr " 


JO/j 

-lie 




for s ' r ^ r ::*"^ 4 tb, 

h 

"<^a] ,^",^^gos 


■nr 

f be 




nve 


:|§gsSSsi?s-5 




•’' u.„r’>'‘iii^'Ly >0 ,1, 


lb. 






J^;=5^;3S=.^=r?jS!r~S:S- 

."^' c ;, '''Oul/,', ^y ^tnhu.'"'^ '« ' H^esf 

4 ft 


s 
ouf 






Ofjn ... f^OC 


ott 


*^ca 




^e'Z.P^<^^X 




° ^bZa^JjorQ 


^ ca /„ 
^'' for 


/.;:?"« »frt “/? "■ s ;';’!’"'-"^. 


Afa 


'^^’' oase .; 






idc 

ifj 

fo , 


r / i/s .. V .^ f'on 


off/,' 


> fcact 


^ O / lff , 


"'^ o/or 


lOtj 


>'" hk^yi’o.e';. 


^o A 


fJOlv 




t/je 


f / c . 


scnr 




of So ^^-^ o^eef 

'-^sS§g£i£rt 


OOfl ,/,. 


^>'oa„_:-servj 


rev 


' O / of , 


^bis 

' JCe <; 


ooi^e 


476 


DUCUMIOK 


the tncdkil ind tod&l ptcturt In a ^eiy rinm rime, I hare recendy leoi in 
Ean Afnca the begmning^ of nmilar tdemes, not intended prinurilj' for the 
contTo] of trypanoiomUrii but hwludmg that m their «oA the Sufarmiland 
Roettlemcnt Seheme in Tanganyika b an cmtttaodmg r^mpV ia primary 
object U to prerent wfl croaiao by the proper dbtnbimoo of popolatloo — a 
movement which inmlTei the combined actinties of all Km ice*. I thoold 
therefore. Eke to euf^xxt Dr WtLaocc RAC’s apprtciition of the nhie of ihb 
type of work which can be ai SDcccaaful in peace i« combined operitiom acre 
m war 

The PneUent, fllr PMDp Haitt0&<4ahT Unless anybody else wbhet to 
•peak I iboold Eke to oongrarulate the speaker ooce more and to 
oa one little point, that b, to dte some umancea that w ere apparently cored 
by one InjecdOD of antrypoL My mind goes bade to i case I inherited at the 
end of World War No, I Hb name was Johns and he was Infected on 
the Congo in 1916. Johm had been treated with erc iy known drug In the 
whole pharmacopoeia. At die time be was being giecn talraraan a^ what 
not. He Engered on irodl 1921 when he bad more trypanosomes in bb peri- 
pheral blood chan e%er He had bad daOy cormts for years and bad been in 
hosprtai for 4 rears. He had crypanosecnea in hi cerebrosplaal Bidd and 
was gohig down rapidly wbeo I biuBcd that Dr Wpodv it the Wellccinc 
Bureau SdeortBc Research had a drag caTied Bayer 205 with whkh 
he was tojecting mke. Tc wa^ Ion before Chnstmas Day 1921 and I went 
orer to Dr Wtxror and asked for a gram me of thh drag, and he gate it to 
me That wt miected Intprcenou ly Into Johtw and the man was cured and 
I beliere that thb one injection cured him Mr Johns went to Lever Bros., Port 
R rmllpt if on MefvcTskle, and I think he b stJE aEre. That wav to me one of 
the graiteft mlraciev 1 hare ever seen in raedkine 

Dr SeLfltetlle (in reply) Fim of iB I most thank Dr Hoixns for tbe 
compUmentarj remarks be made. He has spent 7 yean m ooe prorlnce Benue 
tod he kiKms more abcput sleeping sidcDeas In that area than anyone else. 

As to hb q p et rio n about sleeping sickness In the Southern Prorlncev where 
tsetse fly b wid^prcad tbe aossrer b that we do not know but ac hope that 
the Dcw Rcteanh In ul c u ce aiD make a pomt of fijwfing out. know that 
the riverine tsetse G paipalu b very commen m the Southern Provinces hot 
It b not there purely nrerine It b coramonlr found In the ferest asray from 
the rireis. There i some co n t a a with man, although powlbly not so dw and 
not so repeated as In the N ath crn Produces. That b one possible cvplanatioei- 
Anotber b that there may be some degree of rads! Immnnlty In one out 
break in tbe Ciroeroons It wsi thought that Immunltr fo^ some rea«on or 
other had broken down Another very serioos outbreak ta tbe Soutbero 
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DUCOSSICtf 


^he ranUc&l ind tocU pacnnt In a nty »hon timt, I huTe recently iccn ta 
Ewt Afria lire begmningi of nmllar •dremo, not inicmkd primarily for tire 
control of trypamuomiims but Isdndiiig that in thar work the Sukumaland 
Rocttlaocnt Sdrenre to Tanganyika n an out*taoding otaxnple lu primary 
object Ii to prevent aofl eronoD by the proper dboribimon of population— a 
moT cm e n t Bhlch inTohn the combined acrindea of all •cnicca. I ahonld, 
iberefore, like to tuf^xrrt Dr Waaos Raria apprroaden of tire value of thb 
type of work which can be aj roamfo] In peace as cembined opentkea were 
to war 

The Preddenl Sir PhlQp HesKD^Bahr Unlcn anybody eUc wiibe* to 
ipeal) I ihould Hke to congrarolate the apeaker ooot more, and to comment 

00 one Qttle point, that b, to dte aome marancea that were apparently cored 
by ooe tojecoon of antrypoL My mind goea hack to i caac I Inbc i i ii ij at the 
end of Wofid ^Var Na 1 Hia name waa Johna, and be waa Infected on 
the Congo in 1916 Joimi had brto treated with erery known drug to the 
wboie pharmacopoeia. At the rime he waa bong given nlvamn what 
not. He lin g e re d on until 1921 when be had more uypanoaomea In hia peri 
phenl blood than ever He had had drily counta for yean and had been in 
boapitri for 4 ran He had trypaooaoma to hb cne b roa pto ri fiedd and 
waj going down rapidlT when I learned that Dr Wemrt at the WeDcottw 
Borean of Saenoile Research bad a drug ailed Bayer 205* with which 
be waa tojeeting mke. It waa toft before Chrvrmaa ^y 192! and I went 
met to Dr Wr<Tor tod taked for a gnenme ai thh dru^ and he gare It to 
IOC. That wt injected totravenoudy Into john tod the nun wa cured, and 

1 beEerc that thh one tnjectkm cured him. Mr John* went to Levci Brot., Port 
Scmllgfat on Mefve yal de. and I think be u adH abve That wai to roe one of 
ihe g r eateat mliaclea 1 hare erer aeen to roedlctoe- 

Dr KeLetehla Gti of all, I moat thank Dr Hoeic^a for the 

compllmaitary remarka be made He haa apent 7 yean in one province, Bexme. 
and be know a more about ilceping akkneaa m that area than anyocre ebe 

Aj to hia qucatktn about akeptog akkneaa to tire Sentbem Prtmncea where 
taetae fly la wide^iread, the anfwcr b that wt do not know but we hope that 
the new Reaeardi Itmhute wBl make a point of finding out. We know that 
the riverine taetae G pripaKi la very commoQ m the Southern P io vlacea, but 
rt b not there purrir rirciinc. It b comroonly found to the fortat away from 
the rircia. Thm tv aome ccntact with man, althongh pottibiy not ao doae and 
not ao r epe a ted a to die Nortbem Provtorea, That b one povriMc erptanitlfn. 
Another n that there may be mtne degree of raaal Immunirr to cne out 
break m the Camcroona h waa thought that immimiry for aome r eaaoo or 
other broken down. Another very aerktm outbreak to the Southern 
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cue* were pontfre m m bcwr and that manj were paririre fa 15 mfaiuta 
One CAild oae the moch ninpfcr red ctH tcdimentitiim rate docdbcd by 
Dr Hollctw and glre antrypoi. If, a month aficrwardi. the rate b ipprwch- 
iDg Donnah the dbgnom b deeping tldtocaa. In other dbeaiei the tedimoua- 
rion will prohabiy remain aboormaL 

With regard to the «orit dooc by naff other than medio] officcra. we hare 
had a few of our ben Afrkan attendmti tramed to do lumbar puncrurc*. They 
are not allowed to do tbecQ except in the pr cacn ce of medial oScen, v 
exceptionally whoi a medleal officer ha* ordered a lumbar ptinctnre to be dooc 
but cannot be pr ea ent. I do not think we would cootlder allowing dbpeotary 
attendants lo do himbar pnoemre* oo all pancnts. 

A* to the UK of halanoh the tuggesdon that It might be used to aoK a 
flooding (ff the Uoed with trypanoBaina b io tet a tl ng We bare b»i-n using 
TTiapKjrTKU I nmilaT drug a* a antrol for cases oo mclanen oxide, and bad 
qtihe a high percentage of cures In early cases 1 ihnik h even cured more 
early cases tKsn did melarsen oxide. We did not notice any floodmg with 
rrypanoaomes after one or rw o lojecrioos I think creiy case was soon negarirt. 

Regarding the lelccdTe drWTnctkm of bush. I>t Na^h has leen the Gold 
Coast work recently and be b poMbhlng a report. He u one of the few 
p ers ons «bo have seen Dr htoaai* a srork and his enm work at Anchao. They 
appear to deaenbe. completely different ddngi Imt mean much the amc that 
u, cutting down aQ tmdergnrwth end thinning out large Trees. Dr Mmuot 
doerfbes It in a rery exaa way whereas ire simply say Cut down emder 
g r u w tJ i and dim our large rrw*. 

Dr WtLiON Rae nwnriooed co-opetaaoe berween the different depart 
mencs Thb b very Important in a sebme Eke that at Anehau. Such ct^opera- 
ooo should be easier In future beause every prorince has now a IVielopment 
Commirtcc m which aO department* are represeDicd. Fbnfessor Bmow saxi 
be did not t wbe to bimd oser Anchaa to the Naorc Admininraikm and 

to inch a comndttee. AD departments are lepiewnted on the committee which 
wDl •npemie Andua We shah be represented oo that coramlttee. and b 
practice we shall ha e an offiorr at Anchaa or based at Anchaa for many yean 
to enroe Semor offiem wIT! vlih Anchaa frcqxiemly and wlD bring to the 
attentroo of the Dertlopracnt Corondnee anythiMt we think not satbEsetorr 

As to Dr Drcctx'a remark* on the mild oks, I think he should 


contmoe such sroik. If he does he srlD produce some toy inreresdnp reault*. 
Rcfcrttng to the sodden death, I recendy read Duritw and Toon^a repon 
(1902) on the fii« turopean case. It was that cd the Captain of the Gambsa 
nrer srearoer When he came hcane ro Bmam for the second dme sbora 
18 menthj after hew* fim diagnored. he pm on weight and bcaroe smogcr 
He was Icadme an open-air heahbr Hfe and appeared to he regaining health 
but all of <odden he went down whh m acute Ubess and died within 3 
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At rfjirdi the dupcn^iria becoming bcolch centre* the Serptng Sick- 
nen Semcc docj medicnl ukI health work. At Zana c*ch dlipcnvy Im no 
attendano cue o£ -abom b mined in bddth uork. In one year aben there 
w*i an cp*detnic our Semce treated 5,000 of tncoingim. Thar wa* the 
ome wben Dr Holldcs ipent 6 tredL* without flecplng twice m n i i - r r ui nn jq 
the taiDC place. At to the training of ataff many of our old di peiuiry attend- 
anu were almoat Qliterate. Nowaday* «c get boy* who are edacated op to ■ 
reasonable (tandard bot we find it ilmon impcwalbtc to get highly educated 
boyi to go to the bmh. They can get curfjy }ob« bt the la^ towni. Training 
U limited by the edocadottal nandard hat we are gradually laidng the mini , 
room nandard The £fficnlcy •coiu to be that there n nothing lohable 
between the krw level of the dnpemary anendani and the much hlgbct lerd 
of the Amstant hfcdkal Officer The onfinary nurae or dUpenser with boapltal 
nainhig U not very nxxeuful in the huh. At present d li pqtfary attentat* 
■re tanght to u*e tlx micrtwcope. not only for deeping dekneo, but for book 
wo rm and other helminthic ffi*ea««, ai^ they are all given »cirac medkal 
and health traituog The whole proUem of rauSng their (tandaid depend* 
on g ett in g erwugh E n rop ean officer* to help te field work and in tewdtJng 
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L INTRODUCTION 

The present tml m mtM prophyUiii wn ondatiten In m rfFort to 
control »n eplilemk of deeping tKkoea whkh lud defied hm cfit gtwW »od 
tre ttm ent repeated three tune* in 4 yon No wbaidliry mcun were <»m pV7e d 
such u controi of populsUon moremeot or sntM*el»e meisure*. 

The distnct in whteb the experiment h« been exmed out coir^irise* three 
chicfdonu — Soa, Gbeoe Kan, do and hUfixulo (eec ntxp). It He* tlocg the 
exstem border of SIciTt I,eoDe adjoining French Gnmet and co tc t s a ppr o u 
iMtdy 200 aquire mJei It ta roughly ttungular m ihspe, being bounded to 
the north by the Koogoun Range, to the west by the Gon HfTIa, and to the 
ctrt and south by the Riser Met, Tltf ground nsea from 1 000 feet along 
thia riTcr to about 1,500 feet along the lower slopes of the KiTU 

Tba c t/ rt m ti tm nmr b« el— wJ fauo ih—e soo— — 

ZoM I — South of hoe jotniac Kumdo sad Riser YanMan tfaae M fioreit nd 
t ha t lecaDilarT tm srawth felkwHec cobiTitkn. 

Z<a>* 2 . — Dseneeu R. Y miWwn a sad R. tbs rrtitaikn n tnuitioiul be tw em 

Zoon 1 sad 3. 

Zpom 3 ~-£sft I R. blelkB tad aortfa ncs-th^sst of R. Xkirfi both arirt 

open — laumh pftd cmk tste «nh oolr tUn fdofs ai trees and mdaiTtowth akaif tbs 
binka of tfaa uiewtu. 

The wfauk dim Id n hTtnaarfr mppbed by se e m s all flnilis draining into tbs 
RherXteh. Tbenii teadenr foe Uwm to be mBer in Zoos 3 cal hr gTsneraazober 
to dry up b tbs di 7 — *>°n. Is the hsxsy rasas em tbs msScsi, benrsm rasdieesnUsT 
able pteponiaQa snd tfanoahout the. dktnesatmBBS sr« osseTiBBee i^to qperwrtofaaif 
matafiart. ftinferhy k Ty <t»»— te r-afta 1 wnA wibiTi.l tn7.i^ S 

to Zone 1 both open m e tdi es ml o si iii — in bmto may bs aea b turn. The ma)otlty 
of a o -sa u as sre dear nmohif 

The gips/rfiia of the «boie ditorirt b appramstciy 14 OOO «hb dtnMry rtoeba 
froci 30 to 115 |ier a ^nar a mtk Amongst the eodts hlgbly inietSsd popuktaat rtamd 
Funo vtth whom this t epw c is chiefly eononiacL tbs s i crag e dens i ty ia about 70 per 
aqaaie mOe Tbe majority f psopls cW la tmsQ WnWs of ondst 100 penens. Is tS 
there STS but thirty ftre nllacss with oser 100 Inhsbitasts aal cnly aix with men than 
300 th* ^wri twUHU| fifty As retalt 

sflhges aad hamleW trs asser mm dim I mOe apart sad cTswidn»li cbsds] m or e iimt 
beTwsen tfaetn is const tntly occt m w ig 

Tbs a u trnpi smat rah^sO Eor tba dwtrka 0 betwe m 80 and lOO toefa es . WbBe dw 
greatest Calls aentr In July to Sepeanber the rainy —asoo lasts fnmsbootMsreh to bv<rm»> 
tm Twi an ■ ■ ■ ■ ' ■ ■lenl ausm msy oostr tbirtng tbs dry months of Dresaah er to Fcbicsuy 

aassn — on—l tssipsrwtm h sboot 75 F tbe texspenttm tsagliig Cram nttoaisau 
of sboot 30* F oD the eokWst night m Oecnmbsr or JmusTy to a msxaratm of abort 
on tba botlast day to February or Maith. /bdsa^eiWjifdiiy reading* are not asaflabh 
for thh dwtdet but a ou e data are grtsn to Table 1 whkh wers o bta ine d duzmf the padod 
in)d*104Stom)d-104d t Raikbun, sODe 30 mB— to tbs aoutb, wher* tbs dunste is •totllaf 
^Tvi iiaiiii.. g T H 'J f: tiBOtogs bars bcoi Couial to bs sery dose Fifirre* tor tbs dayhgfat 
toam cady hare bscn ghen tmea they ikaw are {aqiQstant to rekum to t— t— setMty 

GAjaow ptlptbs IS prcralent thfougboot the drstrict, where It 0 mamly 
coefined to tbe fanmedratc proxumty of water though, partjcularly m the 
of hcary rain. It may often be caught m tbe rillagea and on paths sway 
from water There are no striking seasonal changes m lu treall density To 
HIiMtrate ha app onmstc dcnsitT some obeerratjcm br one of m may be giien. 
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ILDTCrO Sicxxm OF AS DlfUJCAL TVTI 


^ prc^wrtioe of cun ciipuMCcoc* wvn unuBaOT buadm la dt« 

( ) The infection nte had iG^t^ iaaroMd, lodfc«tln* u ffiianced tnrmMbetr 
praoohtr ttnbotdbM to (iv). 

AD tboe feature* contmted in greater or lener degree with tboae of the 
uxml run cf esses In 8iem Leone, with those of the rest of the district under 
coQjIdffstion, lod eren more sigmhcantij with those esses diagnosed In the 
same area the prerioos jrar It was therefore apparent that a marked ahcratloo 
m the local strain of trypanosome bsd tsken place tmee the prerioua year and 
ono had the good fortune to recognise the change when it affected an area cf 
only ab<rat 14 square miles contsiaing some 900 Inhahstant*. There was no 
reason to suppose that the tsetse altaatiaa had altered In any a t gri lf ir j iit nranruT 
nnce the prewens year and though tbar abundance and the close Qiao*fly 
contaa In the area might be expected to fartmT (fassemlnatjoa, h is difficult to 
postulate anr way in which the vector m^ht have altered the chxractcnatjcs 
of the ttraln. It seemed more probable that a spootancous mutation had ailtcn 
in the strain itself It should be mei ai ooed tb^ so smiDar epidemic has been 
reported m the oeigfaboaruig can ton s in French Gumea so tbit h Is uolikeiy 
thtt the str^ ns Introduced from there 

Zfo obnota method of combating tha new cpidemk presented hsd/ st 
the tune, but aQ the Inhabitants of the area were examined br tating carefol 
blood ffims from ere r y peraoo in the hope of ffiscorensg the vast m^onty 
of aoea and to of redudog the number of trypa x wsosnes In ctrcnlslson to a 
mmimom. After tha had been done aisd the addhiotal cases fcamd bsd bees 
treated, no furth er work was possible in the area for oro a year 

The third maaa campdgn took place u 1814 when a apeoil effort was 
made to find dl cases by again taking amrera] blood fihnj beside* pirforminf 
gltnd pu n Q u re on any puncturable ce rvic a l gland however small The system 
adopted was to commence at Fucro and work outwards until the bord^ cf 
the area affected by the Fuero strain appeared to have been left wtH behind. 
Normal diagnosis was then reverted to. blood films bong taken only irbere 
mdicsted by glaodalir enkrtement or djmcal symptom*. Line B — B on the 
map endosea the area affected by tbe Fuero type of case in 1844 It will be 
seen that a very senous spread hid occ ur re d , and tha had taken place silently 
owing to the character tbe disease. Tbe tncidrare bad also Increased la 
Area B as a whole from 4 per cent. In 1942 to 7*6 per cent, la 1844 In Mafindo 
chicfdom to tbe east and in the western part of Soa to the west the new type 
had not penetrated, but tbe Infectlaa rate had incr ease d slightly from I per 
to 1 7 per cent, and from 2*4 per cent, to 3 5 per cent, respectively since 
1842 (see Map, p. 4S3). 

In tbe centre cf the are* round Fuero the charaaeristfes of the new strain 
were even more marked. In Fuero itself the gland-blood positive ratio of 
fresh cases was 1 10, while over tbe res* of Area B it varied frocn 1 2 to 1 4 
Again a high proportion of sympComJess cases without enlarged glands but 
with numerous trypanosome* in tWdi blood films was nuked- A study was 
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tbeyfbcstcniatofclghttotcQpcrfMd. fmnan of iboot 48 7c«a of vm ( 7i^itc«nlr« 

ftod ia TtTT pjod cGoiaU ttM. Kccry bkmd tnfntstuQ ww quit* buaejttnt Umat 
k) •ay puTkaltf cawobtemd Mrr period, nd pctat «bo (ere ■ Ucfa pmit* cmK 
on ooe o<c< i ic>i miiltt «lww tciaty tofrction or hare bt eam a tuti i c ct tlte next 
exammstion. 

In order to ttudy the frcqoency of negitivc pht»e« In ctses nrymfly 
poBrtire ifl blood or gland jurce, •e\-witf fire inch caaa were aabjected to 
weddy re-exemmattom over a penod of 2 rnomhs m 1944 and aeventecn to 
■pproximatdj mocithlj re-examifatKroa ortr a penod of 7 to 9 mocithi in 1945. 
Table III abowi tbe raoha of blood film raminatlons only in tbote 
ongmalty blood poaanre. 
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Repeated fknd pooctim on tfaoac mu origauST &»od alMid pmtrtt ihm ed AMrilif 
ar^tire phuea- 

It «>i^M be mmkrd that in thne le-cxtfisnatiau t* thick Uood fibrn mere mad* 
(rm «>»-*■ patknt nl eirry Bbn «a • Tuiwrix t for IS msute* befon beaut deriared 
I.. [■in. Sntdarfx f lefwt pmn-tUTeamere tamed out on if] gjea arth punctonbJe eerrial 
flawk. bemave Mnall cr tuad, and (h fiwah fujca ezanwed f IS maxitaa. Ifneiratb 
*** aomfat and pUBCtared f arailabtc. 

Table III tbowi tha t rather leaa than one half the number of origmallv 
blood-poakrre caaea h likely to be found poartne on anr one lubaequmt 
occaskn. If gland jntce a^ blood cxanunaiKXia are combined at the firtt 
and aobaequent eiamlnatjoia the proponion a aomewbn higher but e\en 
then tbe roaiiratnn percentage whici gare potitlre rtauha on any one 
re-eiaminatloo wat 62-6 per ce« of the aereoty fire caaea m 1944 and 00-6 
ptT of the ae veoiccn caaea m 1945 TTas finding wta borne ont in 1945 
from I different angle. In July an nammation of 2S7 peraona in the nefftrty 
of Foero rcrealed twenty fire new caaea of aleeping aickneaa. Two roontha 
later th't^ «mi» people were re-examined «nd an idiliticnal nine caaea, prenoosly 
oegaUTC, were now found poartjre. Aarirmng tbit no new infcatcm hid 
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■od niart tb« {ftrthm at «lut tCtfe of dM <lacMC th« canbnapkul BokI b«comt< ■fifcttd. 
It acrnii rrrj poMibk (fart in tboH eaaea in CSS clM tfl tA ooaJr the crmt ritn 

•oon rftrr ins^jaD kuI tbcrtahtr flucduM botfa up nd down wi^ Alino*t ct^url frequency 
It b isttretdec to omb (fart dune cam whkfa odenaQy bad reodentetr niael tumxl of 
ds to twenty celb (tMwed after 7 (nO (M3 (fas ntumtnnotmsL It tuyiera (fast aomAl 
CLSJ* eeU ctRtat far (tsetf cannot ba taken as an indkadon of rrcant iSredon nor of Uck 
of ioroKemmt of tbs or its toenbancs. 


(t) icninvi nr to 

Ib 1&44 In ordtf to duoorer whether c w tnfeaet) vnh the Foero nram 
of tryptnoaocoe itere reedlly uBcnable to tresmest by trypamnude, ptttcBli 
(bignoaed la the Ftvro crea were treated by nght dooee of thn dnt{ alooe 
Imtead of by the routlae combmttion of utt-ypef cod trypmuandc Anung 
about oioety caaca re-examined I to 5 ctoniha later only one caae rer ca Jed 
tiyp&noaotnca 2 rooittha after completing treattnenC The ranamder beudea 
being p e gaU r e to blood aod gland eumlnuloii abowed no cJmkil iigu of 
relapae. Agato, a more direct nnaO acale teat for Uypamnude resotance was 
m 1915 when ten ce«a all tbowmg readJiy dcmocatrahie tiypatNsaomrt 
in gland jtuce, blood film , or both recerred ooe done of 0 5 gramme tryparv 
and were re-conuned about 48 hoora later In only ooe caae could 
aypanoaomea then be found. Theacobsenrationa made tt dear that the tnfeemg 
oigxniim waa ray aentttire to trypaiaanude. It a worth remarking alao that 
irtairocQl by the usual course of ooe doae of anuypol, foWoiml by aertn of 
tjyparaamlde, haa not only been verr effeetivt therapeutically in the Fuero 
area but haa alao exerted a coaatdcrable inhucoce in prerentlng remfection. 
Thui the popuklton examined in the region of Fuero in IWo indoded ZV 
people who 1 ^ been found Infected prenoualy More than three-quarten of 
these had reedred thn course (1 dose antry^ 7 tryparaaimde) between 1 
month and 3 yeara before. The remaltider had r e ed re d three doses of sntrypd 
and fire of tryparaanude 4 yeara prerloualy Only four of them sere now 
found Infected— an fnfccllon rate of I 1 per cent whereat in the remainder 
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Tmdm Dni m m . iIJ4 14 It AS Gfaad — Blood 4- (1 per 10 ftridtO 
to 12.45 — — 

1014« — — 

tz;t.46 — — 

2.5 48 + — C.SJ 3 cflh prr cjnm 

Gcntnl fanhh fnd. 

la tlus lut cue, there ms tmdtontioo In ly tup to o is u>d diokal coo 
ditkm dannf the first 13 mo n t hs, but trypanosomes were still to be foond ■ 
further months later 


(i) Appamt mtmaam toatrdt tpaalMsuom errr 
Nbe cues ntay be cited u ftlUag withm this ci teg oiy oat of serenty fiie, 
followed up by we^ly blood, and where possible gland jnlcc, rrsminttioo for 
2 mooths. These nine cases, all pantnre at the beginning did not rereal try 
pasosomca agam during that period, and rtjmined symptomlcss. A ratbo 
greater number were fottiKl posiuve on a tingle subsequent occtsion only 
The period of obserrxtlon wu too short to allow of any definite condutWt, 
but m the foflowmg two cases, trypanosomes were not seen again In a number 
of re-cxaminatkmi ctnmrvg 7 to 9 months t— 


Fbtd* 1 atufa . F t 


Casas. 

18.7 45 Blocd 4- (Kanty) CiF 2 ctOs per cjnm. Jvo 
puBewmd>)t psTtds, ^lonWy frmiliTed with 
blood rsTcilrd tJTpBcsersr* sher 27 days 


23 10 45 

14 II 45 — 

20 12.45 StnaDflaad— — 

20 1 40 — — 

Z9 4 48 Blood— OSJ* 3 c*Ui par 
dhkn rxcalkst. 


SskrD^ &I* 


I9I0 4S Dtood (MBtyl. CAF I caQ par ejom. 

N um f iom nal] crrrkal idWMls all nef sU it 
33 10 45 Blood - 


14 11 45 
20 12.45 
20 1 48 
22J1.48 
12 5 48 


Moliipie Knall tbruoabout. 


— C.E.F 1 ceD pa cjwn. Genarsl c 
dltjOQ food. 


The period of obscmtioo though locger rs still iKt long enough t 
conclude snih any eertamly that spontaneous cure has taken place, for winch 
porpose 3 or 4 years vrtxild be requfaed. One can only ssy that actual experience 
of loch ^ p^Vea this coodusloo difficult lo resut It must, bowerer be 
admitted tlqt a farther four cases were negative to rcraunstiin from 5 to 7 
nymtlrt between soccesslve positlre results. 
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The ease of Tintla ^usuflt tecills one ilcscnhca li\ Hm(Io\at/ (1‘’T1) who ssns dis. 
charged -J scars after first dnjmosis of slceptnfr snkncss, in iipparcntls Kood health and 
without anv signs sugeestmR trs-panosoiniasis, no tr\ panosoines ln\inp hccn seen for 10} 
months in triple cenintugaliTd I'loosl spcciiitcns or C I , and C “s I cell counts and 
nlbumm hnsinp n-maineil nomid She had rrceised no treatment thmughout WHule 
Sled (10^7) considers spontaneous cure to Ite a nre cecnt in human tr>i>anosomiasis, ^oitKi 
(1''21) collected from the htinturc up to that date records of a niiml>cr of untreated eases 
who were found to be in t;oo^l health and nppanentla free from infection from *1 to 8 \cars 
after diagnosis and llAituisr (1910) adduced indirect csidcnce tlenecsl from mortaht> 
rates that in one district of Northern Nigina tlie disease ssas not fattl at tlic time of 
insestioation 


(f) AppnTfut n olulion ttnvnuh ncton of thr partintc 
1 wo eases ma\ be cited as fallint: within this catepon 






Fa\ta Jvni If -’7 

I 

15944 

Crhnd 

lll'iixd — No s\auptom< 


23 9 44 

— 

— 


2 10 -1 » 


-- Ucadichc and psn-xia 


12 10 44 

— 

— Stendt ilctcnomtion 


29 10 44 

— 

— 


5 11 44 

-- 

_ 


n 11 44 


- \ rn nd\nnccdchnicals>anp- 
tomi Unable to walk 
Soporific Rapid cinncia- 
tinn 


(This man improsed sera rapidK ssiih treatment without which he would 
undoubtedh soon hn\-c tlied ) 


Ktmha Damn I -to 19 10 1 1 Gland - Uhvod - (scants) Cb I 28 cells per 

cmni N’ossmptoms 

H 11-15 — — 

20 12 -la _ — 

20 1 -in — _ 

2 S -Ifi (ti trsTianosomes per field ) 

C S 1 00 cells per c mm 
Dctenoration m Rmcral 
coniliiion I’jrcxm and 
gincral malaise 

These two cases serse to indicate that in a projiortion of indisiduaK the 
disease does progress stcadilj and ma\ he expected to lead to eventual dcatli 
of the host in tlic absence of treatment The first ease also shows that pro- 
gression may occur witliout the reappearance of peripheral tr\panosomes In 
this patient thc\ were not seen in the last si\ examinations spaced o\cr a period 
of 7 weeks 

It IS difficult to apportion the eases actuallj met with to these three cate- 
gories since cxolution is often aery slow, but it seems fairly clear that the majority 
belong to category' {b), m which the parasite li\cs at any rate for long periods 
in a state of equilibrium or commensalism y\ith the host It is reasonably 
certain that relatncly few of the eases progress at all rapidly towards dcatli 
since there is nowhere any sign of depopulation and the censuses w'hich bate 
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b«o etfricd out Erom ytc to y«*r thoir oo decrcuc in oumbcr* morcorCT 
Twy few OMs are met with m a duudSf tdrmced cwwEttoa. U ahould be 
remarked tW tn tbe Foero area bcniccQ onc-<piartci arid coc'tlilrd of the 
popolatioQ hare been found Infected at one tune or another and a further 
proportion wfll hare escaped iBajfnoaia. Aa theft hart betn ppa of a year or 
more eince the cpuJeirac arose during which no treatiDcm waa available many 
deaths nugfat hart betn expected to occur had tbe eoant of the dxaewe been 
rapid in mere than a uuD proportfcm of caaca. ft h very poJwble that the 
ctaea m ottegory (i) ahift toward category (<) when conditjona arc food and 
food plentiful, hut may ahift towarda (r) in the poorer daaaca m bad araaoni of 
food ibortage. 

Tbe whole picturt auffccta that thia particular race of nun and tha 
pcrtanilar strain of riypmofoaMfmiwwr exist Inastateoffeneralty aatnfaaory 
a da p tat i on to ooe another recaQing the adaptation b e t ae en fame ammaU and 
their tiypanonm. Or to take anatber example, that bet wr en cattle and tbe 
len TtnjleiU strams of T cortgoimu One of us was once c oo er med in an 
ezperunent with Zebu cattle mfecicd with T mvofma moat of tbe beasts 
harboured thor parasites for loof periods wahout modi detenorallon in 
coodetkoo aocoe appeared cterantlly to nd tbRsadns of the paraaite corm- 
pletdy some ded. It k veQ biovit tbatrafreted cattle may reroaln perfectly 
wefl for long p cf bd s but oftoi break down wben fodder » aeaxce or they are 
put to lord srark ft the plough. 

It would, bowmer ^ esterdy unaafe to assume that tbe Foero epidemic 
if left to IcaelE, would fwt chanjfe lU preaeny ^ »y harmless chtracter 

There are already aooe indtfstioos of a ten'^i s reTtT»«*?^4lhe more 


Blood ffoen five patif v 
C'/rrorriwr menkey *j|^ 

The locubaifan period ant 
mfected anunah is giren i» 

II {» t>f toterest to wott th 
-jTk-l, w»d that tbe ^ 

teoeoltted from » scuttlT in 

kaewB *0 hm brm «*4r WT 
L,anikwd was mentn of nlmr 

IwoTttBbcrt 

P*t£ijiQ8«roccA,p »ho 
cOitosAmd ren ^ 

. rfS> mooih* otmf T so ai 

•** 

tofeesed from 
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P ttUTCun’SO^ months 

•S£S'^1l5i55fiS5|i; 

and remained p — \ 


Tj^cubation 

— 'lod 


subsequent course 


peril 


8 days 


^ Ti^^ndition 

months tete^__ 


11 day's 




irf'"”” !■> *' dtclmrf 


reappearance ot ^ __ 


\ ' reappearance ^ _ 

\ 

7^ mon*= "“' "w the fi«' °“®'°e itod pM'"" 

, „„t oe« “ Ime occasions See”®' plviae 1" 

Xt«veonttvoco.»-n.^^^^^ C^ 

SSaSssiSir^rii; 



ftLEETOfC UaOtZSS OF Jd DVTSVJlL 7T?* 


•WR 


C.3J cell ctumu were cerrled out on t number of both dan ■rii< Infected 
mochcTB m order firrt, to tty to atablith the Iimjt* of the norma] end then to 
cEecovtr tny cridence of tbnormaBty In the mfected trdiralL The moohej* 
u*ed here been of three ipecK*. thooght to be Cmoptlktna ctlStnektiy 
C mUtitm and a Crroxtimi — (he aoatj mangabey The re*oIt» are tummariied 
bekrw — 


Clt*» 

JTjjt C t^fbtritkitt 4S ctOt per r mm bj> ttnubtr puncture 
SecBo J dhto 17 1H5 85c*IU » I 48 32 c»Q* j lUO W « ceUt, 

A C tdchtwn Brre oa tvD oi-c»Uum 8 mm 10 ccUi tcapacthefy 
A nmcBbey fare on t)ue« | 4 3 n-lk 

A Meo^ mmgMht T jeer* ibe ioSowmtt counts on hto^Mf punerorv tO 8.43 33 orOs ; 

18045 17ceas] 20 1145 10 cclU 14.12.45 14 nlk. 

On tJiM x dp i al ptmenert chit fire count at 80 cells. 

laftdMt UlmUiryt. 

C atStnehm No. C &3 Inoculated 22.7 45 blood showed U ipa uu s uncs from 
3B48<nwBrdt. 20A45 17 edit 27.8 43, 23 cefls 16.045 U ceOs 301145 
14 edit 141145 2lcdb 0 I 48 18 ceOs lNe48 12celh 111048 27ccni. 
C eaCitridbu No. C 88 Cooculatcd 217 45 blood ibmttd UT p sau s u enes fnen 
184.45 to 18.9 45 2DA4S lOceDt l8445,a3ceQt 17U45 9-5cd> 131345 
18-5e«Ils 0148Scefli 11 1048 49ccU 

C r^tridai No. C54 (aoeulMrd 22.7 45 bleed tbosrd ttyptncMDa fm 
74 45 CD 2IJ4S 4 10 45 5 eeOs. 

Lumbar ponctare that provided no ereden er of C.N 9 inTdremest in 
tbe infected asnotla 

Theu o xinta hare beea grreo In aome detail because they c tattraal with 
tbe figurea r eported for oormal mooheya by other oboerrera. That in nooc 
of the dean rmkeyt examined by Van Hoof (1927-28), MoiXAJtrr (1994), 
and CoBsoN (1939), was a ceQ count of orcr 10 per c.min. obtained. In totne 
of our ammala, both infected and uninfected, a propcrtion of the iphtal IIukU 
ohibrted, in adcGUon to lymphocytea, large cellt wrth lobulated or mahfple 
oodci, and occatiooally edit cofitainlng what appeared to be granulca of brown 
pigment were s^im, We can offer no explanation for these findings. The 
potaibiUty of an madental mfeetjon wrth a Tima causing cnccphallut occurred 
to ut, hot thit explanatioa a c emi unlikely m new of the facta that the animal* 
were of three different tpecre* eoOeeted from different part* of the country 
and that the count* acmetime* remained high or flocmated op and down o%er 
many month* m tbe tame ammal Whatever the explanation, our obaerratkai* 
miEcato that cautioo aboold be exrrcited in interpreting CS F changes 1 
mcnkcyi o*ed for trypanoaomal atudy 


OUEtEAPIQl. 

Guincapij* proved more refractory than ownkeya to infection by Mood 
mocutawo (Erect from man, and of four pig* inoculated only one became 
mfected. However br companaon, at Icot a doreo attempu to infect gumca 
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pigs from patients infected with the normal Sierra Leone strain in the past 
have met with not a single success 

On the other hand, subinoculation from Monkey C 53 into guineapigs 
was readily successful, and the infections resulting from this passage, and 
from subinoculation from pig to pig, usually ran a nearly uninterrupted course 
with few or no remissions until the blood became swarming The period 
which elapsed between first appearance of the trypanosomes and the time 
they swarmed varied between 6 and 12 weeks These pigs were used for tn vivo 
tests of the resistance of the strain to tryparsamide and to normal human serum 
at a time when blood trypanosomes were numerous and steadily increasing 


Resistance to Normal Human Serum 

Tvo c c of freshly collected human serum injected mtrapentoneally into a pig of the 
second passage from man failed to influence the number of trypanosomes in the blood A 
similar dose given to a pig of the fourth passage more than a yejr after isolation of the stram 
from man also had no observable effect By companson with this finding one of us, using 
a Nigenan human strain which exhibited some rhodesiense-hke properties, had previously 
found this dose of serum sufficient to banish trypanosomes for several days in guineapigs 
a few u eeks after isolation of the stram 


Resistance to Tryparsamide 

A dose of 0 015 gramme/kg of tryparsamide giten to a pig of the second passage 
caused trypanosomes to disappear completely for 12 days A dose of 0 03 gramme/kg 
git en to another pig of the second passage banished them for nearly 3 months 

Opportunity was also taken to give antrypol and pentamidine to infected 
guineapigs in doses proportional by body weight to those which had been 
given to infected humans (see Part IV, page 500), for companson with the 
latter The results are summarized below — • 


Antrypol 

Guincapig 1 18 1 46, trypanosomes sn arming Antrypol 0 02 gramme/kg 

injected mtrapentoneally Trypanosomes disappeared and did not 
reappear until 20 4 46, i e , 3 months later 

Guineapig 2 13 8 46, trypanosomes numerous Antrypol gi\en 0 02 gramme/kg 

Tn^panosomes disappeared , reappeared 22 11 46, i e , 14 weeks later 


Pentamidine 

Guineapig 3 19 3 46, trypanosomes swarming Pentamidine isethionate gi\ en 

3 mg /kg Ttvpanosomes disappeared and ha\e not yet reappeared 
7 months later, indicating prcsumptis'e cure 

Guineapig 4 27 5 46, pentarradinc hsdrochlonde gnen 2 mg /kg Tiypanosomes 

disappeared and reappeared on 9 8 46, t e , after 24 months 

V hen trypanosomes reappeared after suppression bv these drugs they 
behated as thev had done in the original infection and did not again disappear 
from the blood but tended to a steady increase 

These rather limited animal obsenations indicate that the Fuero strain is 
resistant to normal human serum but sensitn e to arsemcals, suggesting that 
an atipical form of T ^amhtense rather than T rhodestense has arisen in the 
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»fe»- They lUo »hcrv thit •ntrypol tnd pcBUmklxnc in mult do«c> exert < 
prolonged tapprenne effect oa the «rtiQ. 

SoMUAlT Or CHAftACraUfTTCl or THE IWEtcnOM 

1 Ptucily of iymptomi. 

2. Infrequeocy of cerrtetl adeoltlx. 

3. OtnuTwee of unuaually faexFy blood lofeatxtion In m pfoportwo of 
cue*. 

4 WkJc flucttzttioD down to lefo in numben of OTpaootoniet in the 
penpheraJ circnlition orer a penod in the aame indiridoal leading to great 
diScoby m dlagnoria. 

5 Iligh propcnion of caaea exhibitli:^ ahertd C-SJ cefl counU. 

6. Ibgfa aenartmty of the ctram to trypanatnide in njan and guuMxptgt. 

7 RetifUnce rn cm of the stnm to normal haman aenim. 

b. Hrgfa tnaraUuiBihty 

9 Eqoillbnum between man and pamne with apparent tendency to 
apootancoua cure to cerum exact. 

I\ METHODS AND RATIONALE OF PROPiniAXIS. 

Tbe am in wltleb aam ptvpbyiisk baa bees cxnplcpyrd coma tbe whole 
of that abovQ os tbe otap page 483 Sox, Gbane Kxndo ttx) Mifindo 
chiefdoma, together with part of another chiefdom lying hamedjately to the 
north of tbeac The population thoa dealt with number^ about 15,500 Beyoed 
tbe coofinei of tho area where t adjoint other paiu ctf S' erra Lcoce, the aleepmg 
tk^caa rate nowhere mbetantially exce e d ed 1 per cent and m moat parti 
waa much leaa. On the French Guinea aide the Uicidesco of new casca in 1945 
wai I ‘S per cent. The mtenoon in dealing with thh block of country wai not only 
to make it large raoogfa to cnaure that there ihould be no foci of high jofectfoo 
beyond ita harden from which re>in£)tniton of tbe fught readily 

occur but al*o to turround tbe area affected by the Fucro ttmn(acept where It 
adjoint French Gainca on one aide), with a broad band of protected ctan* 
munitiei. In thk way it wn hoped largely to bolate a part of tho area for 
tntemive attufy unaffected by outaide influencea. Tho report deal* miJtly 
wah the finding* m the central part referred to henceforth at the Fucro open 
mental area. It h hoped to pubitah an account of the ultimate resuha in the 
whole area at a later date. 

The area tdccted for mtennre atudy cocreapo o da with that portion of 
Area C ahown on the map which hex withra Soa chirfdom, ]cm the aouthermmm 
tqj. It cootam* appronmitefy 2,500 people. The objecta aimed at m the work 
in tho area were to oubliih — 

(T ReUnre nhje of mrn<ol and proarndm a a* propfarUcnc aaao. 

rd) Do*^ rietwaaxy to pmest aofKtfeai for Wif penoda — op to 9 mondw t 
at tb* and of -wtikh time It martit be rn«ted that aO or neirtr •*!. tS# flkt 
,lrt*ly tnfretad befoct pfopfeyboU would ba« dkd ont 
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(ill) Whether n "smUc do^ sufTictcnth hi«h to pnmdi •itich i pn.tcctmn could hr 
tolerated h> Inrtrc mimhers If so, thisssould make mass prophsliucis a spccd> and simple 
matter in future work 

(i\) WTicther antr>-pol or pentamidine pnen onh iii prophs lactic dosape would 
suppress the parasites in persons aircada infected uath the local strain of irsTianosomc 
and if 50, to what drpree and for how lonp 

rite last consideration became of practical importance because of the 
unusual nature of the epidemic It will be remembered from a prctious section 
ihd at least '15 per cent of prosed eases were nepati'e to blood and gland juice 
cMiniinatton on an\ one occasion, and for this reason it was mcnlablc that 
nianj infected persons would be missed and would rcccwc the propha lactic 
dosage designed for healtha people A number of proacd cases aacre therefore 
dolibcrntcla giaen a propha lactic dosage onla of one or other drug, and aacre 
then aaatched so as to provide a basis for assessing at the end of the c\pcnmcnt 
hoaa mana of the cases then found posUiac in the general population aacre 
actuallj ncaa infections and hoaa mana aacre missed cases alrcada infected before 
prophylaxis commenced Onla after making allowance for such cases would 
it he possible to assess the true prophalactic aaluc of the drugs cmploaed 

In cuimcciion with the duration of prophjliciic protection, it should bt o-corded thni 
tlw important corrclntiva: fnctor of the lonpcvita of G f>al{>alis m the climatic conditions 
found in the naa is unknown to us nt present But for the interest of others who ma\ 
jKisscss the required knowlcdcc Table \ 11 is included This records some relevant data 
on temperaturr nnd humiditv obtained from rendines of a thcrmohawiRraph run durine 
llie lasi week nf cacli month at Ivadahun some 10 milvs to the south of I uero where 
climatic conilitions do not eliffer vera nppreciahlv Since prophvlaxis a>mmcnce-d m 
NinemlHr the mdinps pnen are for the following (> months The time eif daa it which 
maximum temperature is reached conesponils vcr\ cloeele with the time of iiiinimuin 
telnlise humidils 

1 MU rail 


seam rrsirnevreaer vxn ittuvTtvt iii miditv vr K,vii.sm s 


MoDth 


1 ciiip. raturc 1 


Urhtn c lmmlrf^t^ pet 

ernt 

Mrjn 

Mf in 

Mean 

Mean 

Me vn 

Mean 

Mean 

Mejo 


.lav 

niebt 

- 1 

mas 

1J4I 

mebt 

iifv 

n\ n 

I}rcrn\!*<r l'i| 


n 

( s 

^ » 


sn 

f 1 


Jninre, IPti 

7 s 


:i 


40 

s 1 

1 i 

•'1 

1 1! niM», „ 

sa 


7 s 

1'-* 

\ 

S“ 

"it 

40 

M. ell. 



* T 

ss 


4 , 

V 

|V| 

Al'iil 

SJ 

‘1 

7 s 

vn 


ss 

si 

I 

Me' 

s > 



< 

7 s 

0 

c 

r 



t ) 

t 


t t 

s t 




’ ri IN 1 XI ints I' 


\ t' Mol'U ex iwu of l!,r fv,p*jliiK^ „f ihr -,rca 

fll the mb*’ it.-s vb I'd h* pv i Vr ,^115 1 - 


\t ' V 

V t r 1 c *:! t* ? I rni Ifc ‘‘ht 

Ft r ’3 naJJ V jJ 



502 


CLEZrotC IIOCMESS 


AM UKUSUAL T\re 


«rfa^ exKojocd by rraVb ig ctakKtl blood flhm £n)oi rveiy pcaoa mi by ki oddido* 
twoanft* fUnd JoKii from nQ «ub4cct> »rth EUKtm^))* cmkal tiii^ r.’s P «!! 
wCT ponoTBKd on aeorty aP oao tfam rii i fn i wd . Sone of thm ohm wm ici^ 
fm] csurw of tmtnunt > Otb»T< wO* left tartrtwd hxr tA i t n r u U i n in m*n a»-y ahr-arly 

rect^dtd In preriom lectiai otbcr* «(ie firm ntrypol w p*nt«nJd»e ki 

prophyfacric donfc ooly 

Of die muimlnf paoubiUon m wboia no tryponoMcoM oc cflmoJ e»Weo« of ikeplcc 
*ktoe*» ooqU be /otma »e*« •« cdde a* coocreb nd nfren do druc. »inii tbe 
jeiuamdtmttiuherni* 1 765 were irifro prophyUcdc inJe awBi of entrypol of of pentKiriine 
m Uk doMjR to b« dncnbed In Part V 

It i» imporunt to doerfbe here the manner in which the coctrolj wen* 
•elected. In mo« field expenmcnu to prophjiuu, t.g in that docrlbed by 
"N AW Hooy ft «L (1940), the o ba cti er h» adected crcry second or thbd penon 
pfc#cntfaf hmwclf or adopted •ooMSuiiilsr method of random •cJectioo whereby 
the cantrola arc sattered throogh crcry rfllagt in w Uch prophyUtu i* to be tested. 
No doabt thtt « the ben method of stiidylng the duratloo of protcetkin hi the 
indMdual bat we bad an additional porpose (n mind, ns to estimate tbe 
tucceaa of propbylixit when applied to whole communit cs. In tbe pr ea ent 
ftudy tbe population which r e ed red prophyUrl* composed whole rilUges, 
while other TflL^ca were adected as ctaarob and none of lhar Inhabitants 
r ec w rt d tay dro; TTk conmil rOIa^ wm selected as bdss rrpreaentxtire 
parucukHy in reject of the mfectkn rate found at tbe bepnnjng of tbe trial 
(and benee pmomably of lability to freab mfecties), and were scattered aD 
orer tbe area. By usinx tha metbod h was also erpected that a better indicatiOB 
would be obtained of what ibe inddeocs of new cases in tbe area ml^bt bare 
been daring tbe period of ob ec r r a tion if no propbylaza bad been applied 
^VbeIl some aub^em are selected for propbylada, and others to serre as coQtroU 
from tbe came rillafe, tbe cbcnces of b^eetion amceig tbe co ntr ols are less 
than hhberta, smee tbe prophylscticany treated mbabilitits of tbe Tillage are 
no longer able to mfea tsetse m tbe nrlghbourhood in consequence tbe 
frequency of fresh {nfeetions will fall in tbe coatrola, in the nine way as racdiu- 
tioo aganat aimllpax of tbree-qaarters of the members of a cocnmunity may 
serre also to protect to a large de g re e the rtmaining ooc^uartcr 

Fmilly a propbyiaetk trial with the tame drugs was earned out for 
coenpanson in two otte ttnall areas affected by tbe normal Sierra Leone type 
of sleeping riefcoess. 

V RESULTS OF PROPHYLAXIS 
A. ScjTJtmnr Eitect or ArrrKrnoi. a.vi> rrrTAjjiDiws ow Cash 
AUICADT IwrCTUl. 

These cases were given a similar Tiriety of dotage to that employed for the 
purpose of prophylaxis in the population at targe, and were re-aanrfned 
moothlT for tbe foDowmg 7 months, after which tbe eipenmem ended and aD 
reedred a full curallTe courte of treatment. Table MIT shows the 
namben obserred and the dosages employed 
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TAnix VIII 

INFECTED CASES IIEChmNC VARIED PROPID LACTIC DOSAGE 


Group 

1 

1 

Drug 

Dosage 

Number 

trLTtcd 

Not 

traced 

Died 

Obsened 

7/12 

1 

Antrypol 

1 X 1 gramme 

20 

n 

0 

22 

o 

Pentamidine 

nethionate 

1 X 100 mg 

17 

■ 

0 

10 

3 

tt 

2 X IGU mg 

2-1 

1 

0 

23 

i 


370 mg in 2 inj 

10 


1 

n 

5 

• 

GOO mg in 3 inj 

2J 



10 


Total 

— 

ion 

!» 

n 

03 


The dosage stated is that given to persons of more than 100 lb body eight Children 
recei\ed doses bearing the same relation to the full dose as did their body weight to 100 lb 
■Where trio or three doses were gi\cn, they were administered at weekly intemils 
The three deaths occurred from unassoented disease 

Table IX shows the percentage of cases in which trypanosomes tvere 
revealed at each monthly evamination after the administration of the drug 
On every occasion two thick blood films were prepared from every case and 
each tvas scrutinized for 10 to 15 minutes , two punctures were made and 
examined whenever glands were present In this table Groups 2 and 3 and 
Groups 4 and 5 of Table VIII have been combined 


Tadle i\ 

1 ERCENTAGE OF INFECTED CASES REN'EALING PERU HFJIAL TRTPANOSOMES AT MONTlILT 
EXAMINATIONS AFTER PROPHT LACTIC DOSAGE 


Drug 

Total 1 

Percentage positnc at 


Percentage cases 
relapsmg during 
7/12 

1/12 

2/12 

3/12 

4/12 

G/12 

0/12 

7/12 

Antrepol 

1 gramme ' 0 0 

0 2 

7 7 

8 3 

8 3 

Not 

22 *7 

27 2 

Pentamidme 

i 





exam- 



isethionate 

100-300 mg 1 4 2 

10 G 

7 0 

11 1 

12 I 

med 

10 0 

35 0 


375-COO mg j 0 0 

G 7 

0 0 

; 0 0 

0 0 


3 1 

9 4 

All 

cases 1 ] 

7 S 

5 1 

1 

1 

■ 0 7 

8 1 

— 

10 8 

. 

24 7 


Three points about these results are noteworthy First, different cases 
were positive on different occasions, and for this reason the percentage of cases 
which revealed trypanosomes at some time during the period (last column) 














Sft4 ftLtmwo ncKjcrv. or jw ckvsual mr 

b cowderrbly higher than the perctnUge which rcrolcd than it tny ooe 
esaaumtKiCL 

Secoodljr there » very GtUcta»deocy for an increaae to occitr latbe number 
rcredmg trypanotomet between the 2nd and 7th mocith. It might hire been 
ctpectcd, ai indeed wti found to be the raae in infected gtdoeip^ nhkh had 
recetred aimaar doaaget reckoned in gramroea per kg that there would be com 
plctc aupprea ai cm of trypanenamea for a conaidcnble tune repreacnthig the perkni 
during which the drug remained in trypanocidal concentration In the blood, 
after which paraiites aould reappear with the aame ngulanty aa In untreated 
casca. But with one doubtful exception in the antiypol group m which a Jomp 
to 22 7 per cent, of peripheral reiapaca occurred at the 7th month, this was not 
the'caae. In fact, h not infreqncntly happened that a case would show try 
panoaomca aahin I or 2 mootha after ii^ecxion, but moat or cTtn all of 
suhsequcTtt eiaminatioas would prove negatirc. Thrt occurred after all drugs 
and dotages. An intaeating Oluatratnre case b that of a patient who rercakd 
trypanosomes cs early as 3 weeka afta 100 mg pemamidiDe, but only in one 
of the aubsoTuent 7 monthly ctamintriona. 

Thirdly the percentage of caaca relapsing during 7 months after the 
lower dosages of pentamidine ts not signihcantly different from the p er ce n ta g e 
rdapslng after arttrypol but after the higher dosages penUmldLoe the per 
centtge ts ssch htiw The same feature b apparent wh« the perccntigei of 
poahlve resuha m the total etimmadiMW earned oct in each drug grwp are com* 
pared. Inactualggurca,afterl00to300mg pailamidIoe,7^perce9Lof262ad>> 
sequent exammatioas proved poantre, while after 375 to 500 mg pcntamidiae 
only 1*6 per c«nc of 185 ezamnutiocs proved poiltrre — a difference which b 
statttticaQy signiScanl. This result might be nrplsincd oo the bans of a more 
effective auppreasioa of trypanos om es by the Ugfaer dosage cf pcntamidiae 
aul/or on the suppoaitkn that 373 to 500 mg was sufficient to pr^oce actus] 
cure in those which were m an early stage (pentanddiae bang well known 
to be Ineffective in the mapwity of adranced cases). To duddne tlus point. 
Table X has been constructed. In which cases ire dasiified both by drug received 
and by Initial CS.F cell co t mt . 

TTie nhcct features brought out by thb table are (c) to Group 111 the 
rdapMc rate b *r"il«r m cases with an initially normal and an initially abnormal 
GS F cdl count thb finduig favours aupp r eas ioa ratber than cure as the 
of the comparativdy ktw rcbpac rat* m thb group {*) m cases with aa 
mftiiUy abnonnal C.S.F., the percentage of rdapsea in Group III ts ahoot 
two-fifths of that In Groups I and II combined, abacas m cases aith an 
inhtslly normal (XS-F count the proportion ra only about one m seven tlus 
would seem to indicate that some cures hare occurred in Group III On 
general grounds some cures mould be rtpeaed since a dosage of 375 to 500 mg 
approaches that which has been found euntire In early cases by a number of 
workers. The cases hi our series are not suffiacmly numerous to )ustify 
definite conchmcjw, and a disstfication by cell coums of bdow sfid ibove fire 
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IS not entirely satisfactory since pentamidine is capable of curing some cases 
with slightly raised counts ms well as those m whom the count is completely 
normal, but the findings suggest that the higher dosage of pentamidine has been 
more effective than the lower in causing suppression of penpheral trypanosomes, 
and in addition has produced some cures 


Table X 

PEBinlERAL RFUAPSES OVFIl 7/12 CLASSIFIED Bl INITIAL CSF CELL COUNT 


Group 

Drug 

Dosage 

Initial CSF cell count 

0-6 cells 

Initial CSF ce 
0 cells 

1 count 

Cases 


Relapses 
per cent 

Cases 

Relapses 

Re’apses 
per cent 

I 

Antrypol 

] 

gramme 

3 


33 3 



3U 0 

II 

Pentanudme 

isethionate 

100-300 
, Mg 

13 

8 


20 

_ 

0 

■ 



wm 

10 

0 

60 3 

40 

. 

12 

20 1 

III 

Pentamidine 

isethionate 

376-600 

Mg 

1 

13 

1 

■ 

■ 

2 

10 6 


In the course of this study two cases of unusual interest were encountered 
which merit brief description — 

Male of about 45 At original diagnosis blood positne (scanty trypanosomes), CSF 
186 cells per c mm Given pentaimdme isethionate 100 mg Seven months later blood 
positive (1 per 3 fields), CSF 2 cells 

Male of about 20 Gland juice positive, CSF 47 cells per c mm Given antrypol 
1 gramme Seven months later blood positive (scanty), C S F 2 cells 

That these patients’ cell counts should have returned completely to normal 
despite the persistence of trypanosomes is remarkable for its own sake, and 
important as another indication that a normal cell count does not necessarily 
demonstrate recent infection in this area, nor yet exclude past or present involve- 
ment of the C N S or its membranes On final exammation, both these patients 
were free from symptoms and in good physical condition Since evidence has 
already been given in Part III, A, (vi), page 493, which strongly suggests that 
trypanosomes may disappear permanently without treatment, m some cases 
with a normal cerebrospinal fluid, it appears very possible that the same may 
eventually occur m cases such as the above m which the cell count, though 
originally high, has returned completely to normal In fact, these two cases 
may be m process of spontaneous cure though tr^^panosomes were still present 


























i06 HFTFCrC caucus OJ AW CKUSOAL TTTt 

CPQ final e xammat fam. (The maS propbTitctk: do«t^ each rc cel ic tl wn 
qojlc inadequce to Infloence CXSJ inrohreroent.) Thii possibility li rf 
cocsHcrsble interec rincc, shhough a food deal ol erldence hu sccunndsted 
ID the literature to ihow that tponlancous cure can occur m cases with a nornul 
cerebrospinal fluid, tlicrc ensu aery little evideoce to suggest the posaibiljty 
erf Ka occurrence In casea where there hare at any tunc been gross abnormalities 
in this fluid. 

Ttus study of prtnred cases receiriog antrypol or pentamldtoc in prophy- 
lactic dosage establahed the fact that these drugs caused trypanoaotuet to 
remam scanty or absent in the penpberal dmilation for at 1^ 7 months. 
This fsa has two copsequeocea of practical impoctioce In the control of the 
epidcTTuc. First, missed cases recemng prophyiaza are for tbe time being 
rendered coonparnhxly harmless to the community br r easo n of their greatly 
reduced capaert y for mf ectiog tsetse. Secondly subsequent dngnf»k ^rf nefa 
cases is render^ much more difficult. The uhlnatc behariour of tbe try 
panosocnca m these cases a unkrtenm, but for practical purposes it is prob a bly 
wise to postulate that they mar return to the mmilarion in greater Dumbers 
after a further period has eispted. If pro r e d to be to such missed cases 
would constitute a senous hsndrap m tbe erentual control of tbe qddemk:. 
The degree of this danger can only Iw estimated by more protonged phserrstion, 
wbch IS DOW proceeding MearmhSe, as a safeguard, a further mass disgtioats 
of the area is to be undertaken 1 year alter the propfaylaaic esperimest itmed, 
and this will be followed by a anamd campaip of mats propbylaids m which 
each person will recehre a aingte u^eetkm of pentamidine o^y 

B. Resclti or Mam Pbophtumu Dr the Fdiso Aua. 

Thn sectioG b co n c erned with the population in tbe Fucro area in whom 
no infection could be found nnmediatcly pnor to prophyima. Tabte XI 
summanxea tbe results of a follow up at 7 moothi. 

'Hw esM shown under dw beadins f abDarmal CXS7 (lUiid and btood Mfstn ) 
wmebtaioed to tbs foUovmcwsT At me re-sasmjpjtnaa sO tht sabjeett wns semtadaed 
carefuQr ■rwt nlwd f they had an) symptaoit sug^stiaa sterjHaa t kAnesi and if the 
shfbtcst m picioii ar oae from eba appeal sa cs or hj at o ry tha wib ^ act wsa htmbar punctund 
jad tba calls cnBled count of o%rr 5 per cjnm. (In boederfaoB cases 3 or 3 c.aaii. aerc 
aCTUtinfsed) w aa taheo sa ftimn f^rit cr U e im of mfrcikai. In tbe area (Bklcr conddersikn 
there b do other nco^cote a likety to cause an luucaja of naidi abor* 8 ceb except 
n rery rara ntttsnna, ackl tbe caaea shown may be accepted as trut caara of t V ep tej 
aidmcaa. 

Thb table i c i eab a striking cootnst between tbe number of mfeetkios 
diagnosed m tbe propbylactK groups and in the co ot ro b Pcnphoal try 
panosomes were m-ealed in only 0-1 per ctnL m the former as tgsinst 5-1 
percent Inthclattcr whflcifcxsespresomfAjTelydiagnoaed by lumbar poncture 
arc added the respective figures are I-O a^ 5 7 per cent contrast is tbe 

mere striking when rt b remembered that some of the cases may hare been 
alreads infected though undtagDosed at the lime of prophylaxis. It remsms 
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«*0 ejxmt wlih abMca of peripkeTtX Now fci ttudy of W bwn 

c»c»pf>kn»faf* lrtoi wiwbo /» C fj>ed pfoefaTl>etfeda»c«ef«nb7pf^Qr(wr iM>Tt.fAfc. rffa j 
b«n twmd tKM 7 or 7*4 per e«it. fclltew dri* amforf onre-«wTtfa«iontft«r7montU. 
App^Ttet thb fleurt to tb* cenml p r o p hj kct fc iDy trexted p-^iWiri bkI rannbrTkw 
tbxt xbout 2-0 p«r cm. cf thh popoktfan map be ■— iiiir j to tme been nffenns (kq 
« in<D»doeed mfcctrti «t the dme f p repti ytiai*, n urir* ct fifure of 0 3 per crA « 
r apjM e ntto t prerWatr m iw t d cam which be np ee t j e j to trrcal tbemnlm be 
himher pantnaw tt7 Buelhaf in other weed« about chrM cam. la &ct durtna 

cam wen foond (T^k XI) whkfa a tuftm that m*e acw ^. ^ 11 ^ 1 - ] (f^ 

ptophytaxia bat mnrtinJ cryptic. 

The actual CS.F cell count! obcalned In tbeae thirteen caaea hare tome 
bearing 00 the problem. They were aa foOowa an to t w ent y crfla^ two ctaca 
twrnty-oce to 100 eefla, three oaea orer 100 ceDa, right The fact 

that all except two catea had a count exceeding twenty cril a , and that In the 
nu^onty it exceeded 100 per cjnm. u a point In farour of a long itandtitj 
Infcaion contracted prior to propbylaxn, but in the abaence of any concrete 
endtnee to ahow how early the CJx 8. may become In rolrc d m the type of 
CBM met With m thia area, too moch atreaa ahould not be on thu point. 
After renewing the endcncc, we fed that the occurrence of ciyptk new inf« 
tioQi by the Fucro ttram after prophylaxia ■hoold be regard^ ai a drfmte, 
tboQgh unp fore d , potaSnlity It la hoped that a hter follow up in the area 
wiH ^fid more hgtd 00 thu point 

C REUTLTt or Mas PitortmAXU ix ta-o Nosual Aim 

For cosapcrlaon with the reaaha of prophylaxit in the Fuero area, t«o 
other tren were adected for a dmilar tmL One, a polhkal area kaovn u 
Mefindo aeeilon. ii artuated m the ooghbeurbood of Eailahun acme 30 nuka 
•oath of Fuero the other known aa Toll SectiotvUea m the e xtr e m e ejMUo 
trp of Sierra Leone about the azme diatanct aouth-caat of Fuero. In both 
theae aresa the ««*«»* ta of the datncal type marked by almoat cowtua 
enhogement of (he cemcal gUndi in which trypanoaomea can usttaQy be fennd 
with eaae. 

In both areti prophyim waa preceded by a routine dugnoatjc aarrer 
and treatment of the found. Then, in Mc£ndo Section, the popdatKm 
waa dirided by random aampltng into three roughly equal groupa of which 
one rtceired pentanudme laethiouatc the aecood antirpol and the tiad 
rcce i rcd no drug but aerred aa a controL In Toll Section the population waa 
dirlded jnfn two groupa only one of which receired antrypol and the other 
pcntamidiDe, aioce m thia caae two adyoming acctiocia iitiaied ooe on other 
aide of Toll were oaed aa controla. Theae two aectiona, known as Ktmdu 
and Ndakaldc, had been dtagnoted and treated in ibe aame way as Toll just 
prior to prophylaih of the latter and were then left utubsturbed untd the end 
of the expenment. 

The rouhs are ahown in Table XII It was unfortunate for tHi eiperi- 
mem that tbe madence of afeeping ticineas just prior to prophylaxis was 
comparaliTriy low ao that ertn without propbjiaxia not a great number of new 
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were not onlj rendered immune to infectioo themeelre* bm were tl»o IrtopaUe 
of becoming i toarce of bfectioo to otben »o tlutt tbe cKane.^ of mfcctwo to 
whkh the controii were eipoeed w» therebj' much reduced. Thii f»ctcr aaj 
be of comidenhle generil pmctKal unporunce m Urge *cak prophyUw. 

Tb* bet that DO tnfediatti were foaod crxwix people who bad mtlvcd 
w berca a two were tooad wimic tbcM who bad taert ^ afitrypol b ntfettlTe, but b tW 
of the picity of Daw kdaetbo* tocooekEttra. 

It thcMld be added that rtamber of paopla b tba ptop h T U cbcaDy treated rtouM 
who adoHcted to haadorht were hrmhar iranctured bat b no wa a rabed OSa 
ceU cotmt obt ain ed, and b fact rt all omn tfak a^mptan waa jadjed on dnbal 
tn ha Aam to ejiaea i«4i «m rhrTile i'f pvt n«# Tbcre 

was therafora no auKcatian that crjptic ‘ * tm^ht bare occtme^ 

VL DISCUSSION AND CONCLUSIONS 

In tbe two normal areas mass prophylazia was most cffectire. Taking 
both areas together the rcaolta after 10 moslha were as follows After 1 to 2 
gtammea anlTTpcf two cases were foand In 772 people examined (0*26 per cent.) 
after 100 to SOO mg pestamkhoe Uethkaiate, no cases were foui^ In 921 people 
examined in tbe tmtrexted controla, tw ent y two cases occurred in 2,407 
people (1^92 per cent.). Tlie pr o phy l aatcaBy treated poptdatioo was sul^ected 
to a altg^y smaller of expoture to tofeaioo than the controla since a greater 
proportion bred in Area I bm thtt faaor k not large enough aenoualy to affect 
the uaoe (had the aatne gomber of co nt nda as of propfajiaetkaDy treated p eopl e 
been for obtu i tU oo in each area the expected rnfecdoa nte among thm 
would stni hare bees fire tunes as high as among tbe aatrypol and pentanudme 
groups cotnbuied, err 0^ per cent, as against 0-12 per cent.). From these 
results ft appears to os that nois propbylaxts may bare ■ rery Importast rde 
in drcnmstancea, particnlsrly ui the case of an epidemic of oomial type 

with a very high jn etdene e in tbe population. For instanff, in 1010 there was 
m Stem Leone tn area of Infectiott (d oonnal type whh an inddeoce ex ce eding 
20 per ^^Ith the employment of repeated mass treatment and tbe pro- 

Tuioa of a dwpienKry it took aome 3 years to redocc tbe Incidence to below 
1 per bad rt been possible to gire all healthy people prophTlani at tbe 

tune of the first dtagnoaa and treatment of tbe infected there t eems httie doobt 
the imdatce would hare been reduced to this figure at once. It must be 
remembered if do untroted cootroU are allowed to remaio in the area, as 
baa been neceaaary for our obserTaocni. tbe possibility of re urfection after the 
propbyiactK effect of the drug has worn off U greatly reduced. 

In the Foero area prophylaxla may not ereotually prove to hare been 
so effective owing to the peraisteace of missed casca, but tbe net rwaJu are 
likely to be even more valoable than ra a norraal area since the ntuatioo was 
out rf hand and no other methods of control offered much hope of success. 

It remains to discuss the rcspectlre menu of antrypol and penUmldlnfi 
In mi« prophylaiii. Firtt, as to efficacy m preventing new mfeettons accotn- 
pinied by tbe presence of peripheral trypanoaomea. In all areas (w the Fuero 



R D HARDING AND M P HUTCHINSON 


511 


and the normal) combined, none of 1,892 people who received pentamidine 
revealed trypanosomes 6 to 10 months later, of 1,209 people who received 
antrypol, four revealed trypanosomes, but of these two probably represented 
pre-existing infections It is difficult, therefore, to be sure that pentamidine 
was more effective, though the result is suggestive 

Secondly, as regards ease of administration and freedom from side effects 
It is a considerable advantage in dealing with large numbers that pentamidine 
isethionate can be given intramuscularly, and is relatively painless The 
frequency of the commoner reactions experienced in the district covered by 
the map is shown in Table XIII 


Table XIII 

IMMEDIATE REACTIONS FOLLOWING INJECTION OF PHOrHVLACTlC DRUGS 


Drug 

Cases 

injected 

Reactions per cent 

Vomitmg 

Mild syncope 

Colic 

PjTcxm 

Urticaria 

Total 

Antrypol 

3 672 

0 45 

0 14 

0 08 

0 08 

0 20 

0 OS 

Pentamidme 








isethionate 

13,509 

0 18 

0 13 

0 24 

0 04 

0 01 

0 50 


It Will be seen that immediate reactions were commoner after antrypol 
None of the reactions was serious though vomiting after antrypol and abdominal 
colic after pentamidine were troublesome The mcidence of vomiting after 
antrypol was much reduced by giving the injection really slowly The colic 
sometimes experienced after pentamidme usually commenced about J hour 
after injection and persisted for about 2 hours , it appeared sometimes to be a 
genuine colic, sometimes a persistent pain No deaths occurred after antrypol 
One patient died 4 days after receiving pentamidme and was stated to have been 
itawell since the mjection, but as her illness was not reported until after death, 
she was not seen In View of the large numbers involved and the frequency 
of death from unknown causes in Africa, it is not possible to say whether death 
was or was not attributable to the drug 

A late effect of antrypol should be mentioned It was quite frequent for 
patients to complain of pains ifi the soles of the feet coming on a day or two after 
injection and persisting often for a week or more In a few of the worst cases, 
some peeling of the soles was noticeable and ordinary walking became difficult 
The highest adult dose of pentamidine found to be generally well tolerated 
was 175 mg , and when 200 mg doses were given the mcidence of immediate 
reactions rose steeply to nearly 1 per cent 

We conclude that m Sierra Leone pentarmdme isethionate has shown 
itself at least as efficient m prophylaxis as antrypol, and that m addition it 
presents the advantages of fewer side effects and greater ease and rapidity of 
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Mnuon. 

DTAKJBDaxT Or B dwOmi otf toos. 

The cohon on ent wn necacfnl^ ceabfbhcd hr tb« h¥<qto»n «{ fnn 
{DOOM wfakh had perrlooelT been infected with bVs^ frees Under 

cnndftkew of Wrict eerpeii, wo rte tf in a strrOe cahio^ 0>l cx. of heart blood frees da 
nooaa waa Iminrifktr jy fnnm,i«trd into dgbt femk ttgt on tlw 7ih dar of 
oanf a tubeTCUlln (TTfsca fitted wrth 10 G li^indt lonf naecOe ] the fnwwiUttnn 
made tfarouffa bofeponched hi thabhmtalraec oei into the wAfciv oftW eg ’lUheJa 
am then aeaJed arim p a r a ffi n -a eaCni -a ax cmzinin. The egta arera then i ae nt ated 
farther 7 daya at 77 * C. They were thm opmed. TIjo blood a amh of tba eieeio. 
ftWr^tnir Tn^~n-ttrtm^mr»nfr^ frN b4>^ tht aHaTTiTfr ftnitL En^oa- 

tim of nont p i epatalj ona by dark troaod flhmdnation and of tb* 

Mca qtc e of t— ut ro ua apfrotzLaraa, Tba rnfeinn s of blood and aOmolc feU ^ r ul a* an 
Inooilum for further batchna of efr*i ertb en trccimf 0 1 cx. 'Hk «rt»tn t^s tboi been 
aobentamed aetUy for ten piian^ti. The cyx* thow aerial gj i j ni b of ^iliodiaetta, 
the f Tomfa fci loeaa bamc any p e ufu ae ht othera aery tooity 

r»EPAJumo*< or Axnctw fo« coyruMSfr tiiation tot 

Eq* ar«r« iDocabted ta deacribed aboTS. After meubadon fw 6 to 8 dxjt, 
tbe esgi were trtnatnirmirttted. D«ad were diactfded. Tboae wttb Grtef 
embryo* arert opened It tiw bfuBt air aac rod antb a flamt. Tbe abcQ membrane 
waa refleided. Whh anotber pdr of atcrile forerp*, tbe cboriaaXLatttoK mem- 
brane na torn, and tbe Mood Toaeis aOowed to bleed into «Ti«ntrai» floid. A 
aampte of tbta fluid «u then anramed by dart grttmd {IlamliBtiae to detenmoe 
tbe defree of Infection. If tbia am prefoe, abowlng 50 to 100 apirocbaetea 
perbigb pover fidd, tbe fluid wo pfpettedmto^emleceiitnfasyni^ Dtznnf 
tbeae mampuktioQi care am taken not to rupture tbe yolk tac to arotd an 
adm u t iir e of yoIk ffamilea. 

The harried fluid area then centrifuged it low ape ed . I 000 rerofntioQs 
per min ute for 5 minute*, to throw doaan tbe red blood ceDa. The au pe ma taot 
flokf am tbeo pipetted into a further vet of aterfle tubes and c e e trlf aged ct 
2,000 rcTolatlons per mfaiute for 3 bom. At the end of tbs time the splro- 
chactes had been thrown doam to form a tbtn white it tbe bottom 

of tbe tube. Tbe au p qna tant illaotok fluid am then r em ored ind rcptaced 
arith atorile phyoologicil saline containing 0-3 per cent, phenob Tbe tube am 
tboi fhxken and an earn auapennoo of ap fanc ba aci waa obtaioed. Tba 
autpemioo cormituted tbe indjcn for the teat. Ita inti-coiiiplemcmary pro- 
perties arcre found to be low and the auspexaifin could be na^ undiluted fer 
the lc«. 

ptocnjo*! roa thz Tot 

1 Tbe sen under teit arere heated it 50* C faaanter bath for 30 nunutca. 

2. Senal dllDtkmi of tbe aeti arere made m normal nil nr as foDcma 
1 12-5, 1 25, 1 50 1 100 up to 1 3^00 

3. 0 1 C.C. «/ frb dihmao am pipetted into a 3 inch x | inch tube. 

4. An extra tube am art up a* the anti-conjpicmcntary coctrol of tbe 
serum. 
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5 01ccof3MHDof gumeapig complement was added to each 

tube 

6 0 1 c c of imdduted antigen was then added to each tube, with the 
exception of the anti-complementary control tube, which received 0 1 c c of 
0 85 per cent sahne The tubes were well shaken 

7 Fixation took place in a 37° C water bath over a period of 60 minutes 

8 0 1 c c of 3 per cent washed, sensitized sheep cells were then added 
to each tube and, after shaking, incubated at 37° C for 30 minutes At the end 
of this period the results were read The sheep cells were sensitized with 
6 M H D of amboceptor 


Results of Test 

Table I gives the results obtamed from six known cases of relapsing fever, 
diagnosis having previously been detemuned by slide exammation The 
serum of a normal iminfected person was included as a negative control 


Table I 


Date 

Case 

num- 

ber 



Serum 

dilutions 



Ant- 

comple- 

mentnjy 

control 

Notes on date of 
diagnosis by slide 
examiination, and 
treatment 


1 12 6 

1 26 

1 60 

1 100 

1 200 

1 400 

27 7 40 

1 

+ 

4- 

4- 





Diagnosed 13 7 46 
Received 200,000 
units of peniciUm 
22 7 46 

27 7 46 

2 


± 






Diagnosed 20 6 46 
Received 200,000 
units of penicillm 
20 8 46 

27 7 48 

3 

+ 

+ 

4- 

4- 

4- 

± 


Diagnosed 24 6 46 
Received 200,000 
units of peniciUm 
24 6 46 Dose re- 
peated 6 7 46 

27 7 40 

4 

+ 

+ 

4- 





Diagnosed 6 7 46 
Received 0 04 
gramme maphar- 
side 16 7 46 

16 8 40 

6 

+ 

+ 

+ 

± 

— 

— 


Diagnosed 10 8 46 
Untreated 

16 8 46 

6 

-t- 

4- 

+ 

+ 

± 

— 

— 

Diagnosed 10 8 46 
Untreated 

27 7 46 
16 8 40 


1 1 

■ 

■ 

H 

■ 


— 

Negative control 

n « 
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TTjc raultt obumed from 24 ten ient in for rocdiic Mood grouping 
tens were ill p egxiJ i e . 

Tlurty sen ginng t strongly ponUrc ^Vtssenmim rcKrtioa were tened, 
one w*» Mnti-completoenary four gtre a i resuk in s dihrtJon of 1 12 5, ifld 
tbe rcronning twenty fire were negnirc. 

TsMq II grres the rexolti obtsmed from seres ten from cues snJTeriog 
from vsrkiQS dlsexse condhioos. One from s cue of typhus ferer showed 
fixstwm m a dflotioo of 1 12'5. Tbe remsinder were oeg ain e. 

T**s n. 



From these resohs, it is apparent that io each of the sn known cases of 
rdspsing ferer m which the dagnasls wu established by finding tbe spiro- 
chaetes in blood tmesis, the test gsre a positire rcsnh. Tbe lowest titrc of 
complement fixation wu In Case 2, m wfaicb n wu gircn in a serum dHiitkm 
of 1 25 It IS teotstiTcly conctoded that fixatioo of corapleaent in a titre of 
1 25 and orcr should taken a dugoostic of ydapting ferer 

Tbe time of derdop m ent of these antibodies hu not been determined with 
accuracy u tbe durxtsoo of m most of tbe cues is unknown. Blood 

wo taken from one <***<• st tbe end of wbst wu probably tm first attack of 
ferer and then again a week Uter Tbe ruuhs of tbe complemeat fixation 
tests on the sera fr om thcK bloods are gircn m Table III 

In one t appears compIeracDt fixing ant bodies were present 
in low though prorlnooally dlagnoatw thre at the end of tbe first bout of ferer 
A week later tbe titre bad risen to well above the duguoatie level 

How kmg tbe sntibo<fics persist after apparent cure hu also not been 
estsbCihed. Tha question will be inrestigsted u the oppertunrty occurs. 

Blood film aandnatloo for spirochsetes wu uegstlre m four of tbe six 
known of relapsing fa.Tr at tbe time tbe blood for the complcroan 

fixation test wn taken. 
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Table ni 



Summary and Conclusions 

A complement fixation test for the diagnosis of relapsing fever, using an 
antigen prepared frdm egg cultures of Borrelta duttoni, is described 

This test promises to be of value m those cases of relapsmg fever, m which 
finding the causative spirochaete by direct exanunation of blood films is difficult 
or impossible It should also be useful m carrymg out surveys to determine the 
incidence of relapsing fever in a population It may prove of value in eases of 
relapsmg fever, as has the Wassermann test m cases of syphilis, in deciding 
when a patient has been cured of his infection, though this aspect of the test 
has not yet been studied 
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PPECT oe diet 

O D MACNAMARA.^-^'^" 


^ tor or lesser degree 

mcsfly 

ThelMg'®*''’'®^^ an ^.balanced diet „,t»n, any 

from undemutntion fertdity-econo^ population 

-‘"^^rltnutnt- » s:? X ’SS^.Snc .nfe«.on result 

increase m »^*:«1he!t.ndard oa-»g ,, people_^ . where the 

1 


products of the I ^^iertaken to jnent for helmintm 

^n investigation and by tr ^fter coolung A 

groundnuB, and tends to «Pi ^^j^oonts, but protein 

jncrcasingb P cnnr milb is taken i . c laraely catboby ’ groundnuts, 

-e--esss^r5S--»= 


SSS5Sf;^£35:"=-=; 

^dS<='^'> r l^ipena. for • 
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AnSM tCBOOL anLVtDt 


were folly mTOn i rd, thar weight*, liefgbti, tmerpiodcd clwtt 
and endnrauce bong moaurcd. Endurance ww otlmaled by tbo rittw* foe 
wUeh the cliHd cooJd hang by hit hand* from a horaoctal bar 
Table r\ abowatbe retuhi obtamcil 


T&«ia r\ 

anvLn oa rir n nofnew 
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t 

O D MACNAJiASA 

n or the chil<i':en. treatment 

. the control °vLci anti-helnuntlnc 

ssrrfjSoi -SSi-- 

"““S- % i: " 

Scant d>ff'«"'V«l *''“' 

''™ O'^^^Hcn sho«d -V 

there v?a3 no ^ there 

increase by o deficiency u a no 

case, of vtannn B, "''■“fnea^J fc' ' 

. results tt *PP'“l*ren'°B”ws •'>“”'? '''VilalS a possibility 

■prom these chilmcir g months 1^ , j needed 

marked benefia ^^^^ became r^j^ecj ^""^^'^'dlkterious to the health 

hookworm, 6b P chenopodmm ^ore delet 

that repeated coms« ^.elmmths, mig ,,gnificant extra 

- to keep a ! themselves diet showed groups, 

than the Pf Group B, given more than m ^^^eletal 

The ehildren, vras effect on the ra 

gam in height, f g^itra diet had f^Ji 3 t measurement 

Ind It appe^s ^ miificant extra g^n i mdicate an mere ^crease of 

PO"*" SupT^ and C. of Bat cb^J by the 

compared wi , jgtal growth with ^ shape, w^ measure 

" "'^TlStf pnbnonary X deposition 

chest measurement 1^ ^dl-bemg and lack « P^^ increased by 

good postur^g measurement wo ^ and C had a high 

of rib gro’W'th i-i Groups A anu durance 

of subcutaneous a ^ gg test J^Group B had a ^°'^^g^ect endurance 

SSt'Sop isUnh in Otoup. ^ 
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ATWICASI SCBOOC CmU«DC 


but feedia; cUIdreD oa ntimni pill* iaa not b ec a fouad to Im p r n r n if>Ajr 
voce (Yutnaif I&t4), Amoog tbow children fed on tn irtcroMd gcncnl diet 
(Groop B), It ippein there tbmj be « reeultlnf In cr ejie m endoniKe. 

TTie full extn dret of Group B completdj diuu rated ntimm defiaency 
but the cheap extra (bet of Groop D although appercntljr aoppljing the needed 
ntarmni, failed to dimu ate iigna of defioenej of riboflarine tad nicotii^ 
tad. 

T^e general health of the chQdren who had recejred the full extra diet 
(Grtnip B) teemed better than the otfaera. Hdmintlnc treatment appeared 
to hare no effect on the general beahh and the cheap diet only a alight effect. 
Owing to the gro up a h<^ng m teparatc acfaoob^ it waa not jxitdble to compare 
the effect! of diet on mental abiirty hot the tcacheza of the extra fed and treated 
children (Group C) aaid they had not noticed any unpromnent. Ahhougfa 
chndrea with high intelligeoce bare uaually bees found to be better ooorbbed 
than chfldrcn with low intelligence (EtrauiMD, 1906 Ml expo tf, 1944), ft may 
«e0 be that auch children are the o^mog of intelligent parenta who takf 
more care of diet and the extra intelligence of the children may be due more 
to heredity than nutntroa. In tmpronng the nutmicci of the achool child m 
A&ica, the main object h to produce a beocr man capable of mi^ work and of 
being a better citacn, but doubt hat been exproaed if nnproriag mitntKm aUl 
erer improve intelligence acbohntlc performance or morab (Cahh.!., IM5). 


8irvL\IAR\ 

The experiment conducted in central Nigvn hu abown that the A fri c an 
ehBd here it undemourtabed, to a certain ex t ent lacking in vitamlna, and that 
be tt richly mfetted by paratttea. By grnng the child a good diet there U a 
marked pm tn weight, diaippeartnce of ntamln deffciency an increaae in cheat 
meaturement and well-being tlao poaaibly a marked increase in phyiicil 
endurance. 

Routine helminthic treatment of achool children appears to be slmoat 
In a highly Infected community The extra supply of*a cheap diet of 
the usual catire foods ruch as groundnuts is insuSdent to prerenl deficiency 
diacasca. 
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rtlUC ACU> AND A3UXMI* 


Tbe bumofloblaaaKtcr ined wa of the type, 

100 per ccnL irpiaoit* 14-0 gr»oitna of hietoojlotnn per 100 cc. of blood. 
The figurts grren m Tibia I to \ ire the originil rtsults trimlited to the 
14 5 ftmdird. 

picked cell Tohnoea were cMimited by centrifuging blood in 

IVttrtrobe tube* for 30 mlnutei it 3000 rrrolutions per mmiite. 

The copper lulpbite ipecific grinty method wts wd in ettfanitlng plami 
protefni. (Piolun* ft *4, 1045 ) 

Cab 75 FercMk todm. ated 25 (Tabto I aod Pt(. 1 ) 

Tbk )CMini rabbrrestite Itbouirr tnaadmirmi on 11 J.47 r trepl— ^In f trf 
pen wftfa dicrTbon foe 8 der* end ia cienni aJaustim for da part 8 mootba. Sbe wu 
8 iDontba pitinact. 

On enmkxttkn, be aM noted to be neO-bmli and leaaooably «aQ.naurU)td 
moraan. Tbera wm oo debrdmkn. and iba ic py an au ie was BOtmaL Tbm were no 
tisna ot Tftaic dia e aae or of deftefcoCT disease apart 6ixu faitcnaa anaoiua. The 
toofue was normal and tbera wm no jaundice, (JandoWr rnlatiement, u e il e nia or fcoAaij 
cfata. Tba wpkm end tfrer wera not palpable Ume araa nomal. palaria pamlto 
a,era foond ia ifaa blood. 

Tba atoob, abm three per day waia w aia ry and emtamed mms but ao blood. 
Tbey ret m otd to oormal io 2 daya after staitm solphiiuaDldiDe ibentpy Ho on or 
aenoebae srm detected. Tbe tet up eia nn e imained nocinal dnnu«boiit. 

BieoJ 

The initial blood plentra was f mq e cy tk ortbodtfcaBK anaeisla. The rBohs of 
thb and aabartpaest comiUbao* are gJ tta in T bla ) Fit 1 alMrs cpBcneBmMicafiy 
tba l ea p oaaa to tt aa tme n t. Strnial m ar row a eiih^d on 2U.47 was focmd ts csetaki 
Ttsb bot aifnlflcant ptopo i two of tnefilobiam. 


Tabu I 

CAM T&. 
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»„d Sv“=d a 6 months' foetus Thao J'” P,„d sustamed improve- 

"o— ce was norma. re, ”os'ro^r» poo^ «' f T On 

„ont m the blood ptaurc “,„p,„vemon. was also rapid On 

the 7.h day of treatment Sy^tonat.e ' p 
28 4 47. she was discharged at her orvn reque 

, . ‘10 fTablc II and Fig 2) 

Case 90 Female Indian, aged veakness and a sore tongue 

SWe wa .dmmed c„ .7 3 17. eompla.n.ne of es«»>" 

™ . f-ad, pood, 3 «o'j“.;;Sh'C”o,S“The ■k,n of 
pale and the tongue pale and rather •• deficiency disease ocular 

#~^aSof 
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FOLK ACID An> AXACKU 


Tjibu IL 



< — roKACVMOMC 



ToUl folk wd giTcn WM 160 mf in 10 dcwet, Reticulocytaracbedtbeirpe*!: 
of 14 per f*nt <m the 7ih cUy of twntmem. 

Sbe di*cb»rgcd « her own fcelmj fit on 28.4 47 rfter 4 1 d^p 

In hoipitiL Her blood picture ibeo wi» normocytic and hypochromic. 

Fire «eek> liter oo 3.6.47 the was re jdmlQed oq icroust of acuU 
brtmchrtn. Sbe w*t fcpond to hare ■ frtni Iroo-dcfidcncy •niemu (ibe bid 
oo o^Jtdooc trentment) tlthooBh her red celU hid faacre M ed to oref fmir millioci. 
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CcvF ‘tS rcmalc Indmn, at^cd 20 flnWc III and Tin '^) 

Shr admitted on tlic 22 3 47, complaminp of pun in the left iidc and fullnct^ of 
tlir 'ibdoinen for about a jxar 

Her Iiwioi^ wat that nt intervals dunnp the past 0 months she had been once m tins 
and three times m another ho pital Previous records sho« that on each occasion her 
romplaint was the same, and it a "as also noted each time that she wa-s anaemic and that her 
spleen was cnormousl> cnlarpsd \t no time had she anv fewer iind man> blood films had 
never revTaled the presence of malaria parasites She was, howatver, vanouslj 1 ilicllcd as 
siiffennc from chronic malarn ' rplcnitis,’* and nnacmin She had l>ccn treated vvoth 
niaud s pills and hepatet of the latter she received about 40 c c hollow inp this thcrapv 
there was •' considerable reduction ” in the size of tlic spleen 

She came under mv care on 31 3 47, havinp had hepatex 14 c c and ferrous sulphate 
1 1 t rains dunnp the previous dnvw For the next 9 davs further treatment was vvath- 
hcld She was found, on examination, to be n small, wxll-built and reasonablj wcll- 
nountbed indivadual Mucous membranes were vers pale, the tonpiic was pale nnd the 
papillae atrophic Flicre were no other sipns of " dcficiencj discxsc, ‘ no oedema, plnndular 
rnlarprmcnt, jaundice, koilonvchia or asates Temperature was normal and has remained 
so tluouihoui The liver vvas not palpable hut the spleen vvas pro'sh cnlarpcd, the tip 
l>einp 22 cm below tlir left enstul marpin it was firm and appeared lender There were 
no sipns of other orj inic di'casc llic strxil contained Asrnris ova for which oil of 
tlifinpixlium v\ IS ptvrn Illood Kahn test was ncpitivc 

<>astric analj'sis on 2 4 47 showed a liiph fnstinp free HCI and total nciditv, hut after 
a ktiwl meal (hr free HCI for the next 2 hours fell within normal limits at the upper level 
of iionualitj , ’■unilarK she had a liiph normal total nciditv 

I xnmmation of the blood on 4 47 showed her to have a dimorphic anaemia Uesults 
of this and sub cqucnt cxammations are showm in Table HI I ip t shows diarramtiutic- 
allv the response to tr< itmenr 

Tstitr HI 
C-ssi *>, 
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FOUC ACID A:(D AXAfyu 


Folic tod thcnpy wu begun on 22.4.47 It wo giro thu» 20 mg. 
ortfly one do»e only followed by 10 mg onlly daily for 41 day*. Total deuge 
430 mg in forty two doaea. 

The retlculocytca reached their peak of 20 per cent, on the 6th day of 
treatment, and there baa been a wcU*«uatained unprore m e ol in the hacnxgkbtn 
and red ceD count. 


Fio. a. (Cm ea ) 

FOLIC* CO JO 



After 1 month there waa no apparcnl change m the aize and tenure of 
the tpleen, and the compkioed frequently of pain and diacomfort due to 
preaaure. On 20.5 47 spleen puncture wmi cairied out. Examination of the 
stained mitenal (Ed not reveal eitbo^ malaria piarttitea or pigmenL On the 
20lh, 27th and 2Slh of May thick films of peripheral Mood did not show maliru 
paradtea. On 2SJ 47 paludrme therapy waa begun in an endearocr to reduce 
the size of the spleen, should it he malarioua. She reenred 0-1 gramme three 
tiroes a week and after 4} jrecka (on 1 7 47). baring had 1-4 gramroet, it »u 
noted that the Up of the spleen was only IS cm. bdow the costal margin. 

PA, FmuW fnritan. sted Sfl. (TsbW H sad Fv 4.) 

Thi* rubbsT estaw hbouTrr ws» sdmiMsd cu 1 4 J7 enenpismaja of ferw <n sod edf 
Sot ® sad of pDanl wesknes*. 

Sbs wss sn Inifw t r taaenoc tod poorty aouriilKd ycuia wtsa*. The toora 

ww psk and tbi pspllse simpWe. There moss* psttcni «i her fc** sndojdeiot 

of ihe fret snd anUet- Tbtrs « «» ftodular eaiaipamui, ;tTmd a T . kodoordaia or 
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asates Her hair was dry and falling The hver and spleen were not palpable She was 
dyspnoeic and had a tachycardia of 100 to 140 per minute Temperature -was 102 4° F 
Haemic murmurs were present at all areas of the heart, but no orgamc disease could be 
detected in the cardiovascular or any other system Unne was normal, no malaria parasites 
were found in the blood and no ova in the stools For the next 3i w^eks she ran an inter- 
mittent temperature which reached as high as 103 2° F , but wus most commonly m the 
region of 101 to 102° F maximum No cause was discovered for this fever Examination 
of the blood on 9 4 47 showed her to have a dimorphic anaemia Results are given in 
Table IV 

Marrow biopsy was earned out on 1 1 4 47 there was active megaloblastic eiythro- 
poiesis ' 

As she appeared in no immediite danger, iron therapy alone ^vas begun on 12 4 47 
She was given ferrous sulphate 6 grains three times a day, and this was continued imtil 
discharge Two days later her general condition had detenorated considerably Blood 
transfusion was not available and treatment ^vas begun with proteolysed liver She 
received the equivalent of 90 grammes of liver solids daily, but it had to be stopped after 
5 daja as a fungus was discovered m the batch being used After a further 2 days (21 4 47) 
It was found that the blood picture had detenorated, and next day she was desperatel> 
ill Oedema had increased and was now present round the eyes 


Folic acid therapy was begun on 22 4 47, and given as follows 20 mg 
orally daily for 14 days, followed by 10 mg orally daily for 28 days Total 
dosage, 560 mg in fo^-two doses 

The reticulocytes reached their peak of 58 per cent on the 6th day of 
therapy (see Fig 4) Symptomatic improvement tvas rapid, and oedema dis- 
appeared rapidly 

She w’as discharged from hospital at her own request, feeling fit, on 7 6 47 


Table IV 


CASE 00 


Date 

Da> 

num- 

ber 

Hb 

% 

at 

14 6 

Hb 

8 

RBC 

milb 

per 

c-mm 

Col 

ind 

PC\ 

0 

/o 

M C \ 

c ^ 

1 1 

1 Retie. 
Si c h C’ peak 

O ] O' 

0 /o 

' ! 

Plasma 

protem 

8 per 
100 ml 

Plasma 
bilirubin 
mg per 
100 ml 

0 4 47 

-n 

18 3 

2 60 

mi 

1 74 

8 7 

106 7 

■ 30 5 ' 

7 25 

0 82 

21 4 47 

-1 

14 5 

2 10 

ita 

1 50 

08 

147 0 

] 30 9 1 

6 58 

0 6G 

27 4 47 

5 

— 

— 




— 


1 — 1 58 0 

— 


28 4 47 

0 

2 

3 22 

0 88 

I 20 

12-0 

136 7 

i 1 

26 8 

7 22 


7 6 47 

.5 

43 4 

6 30 

2 11 


24 4 

116 7 

j 25 8 1 

0 58 

Vert 

19547 

27 

(12 8 

0 10 

3 20 

0 98 


03 4 

! 

1 30 4 


slight 4- 

o 

2s 5 47 

so 

' SO 1 

U 62 

3 43 

I 10 


99 3 

34 2 

9 15 

o 

7 6 47 

40 

S3 0 

12 04 

3 72 

1 12 

36 5 

9^ 5 

' 33 9 

1 1 

- 

o 


Represents not estimated O Represents negatne 
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roue icm axd axazhia 


Fr. 4. (C«M 96 ) 


rtxr ACD uomc » 



FoIk and tberapj wu befon ntd giren ihua 20 mg onDy daHy for 12 
day*, foDowed br 10 mg ociHy dafly foe 14 day*. Total doaagr 380 mg, in 
2S doaes 

The roponac to treatment was rapid (ti ihcfwn m Fig 5), the retfculocytea 
reaching tbnr peak of 55 per cent, on the 7th day On the tame day agihwt 







X* uu'^ 

«.s only »3 P“ 
■well on 14 7 47 


Day 

•Date I 

ber 


lOi'i'J 1 
16 4 4 T 1 
1 26 4 47 \ 
3 6 47 ' 
\ 20 6 43 
\ 28 6 47 
\ 10 6 47 


Tabi-b V 

CASE 460 


14 7 47 


Wsc\ 

1 miUs 1 
1 per 

i c.mm 


"r r % 1 


TirTl 303 
1 121 6 1 28 1 
\ 109 6 1 30 7 
1 110 7 I 29 3 
99 2 36 0 

\ 99 3 1 37 1 
97 1 36 ' 


plasma 
protem 
1 g P®’^ 
100 ml 


.Represents not estimated 

F-o s — 

^FOLIC ACID 30 OMG— »■ 



^*aBC 1 ^ 


rETICULOCYT^ 


W E e S 


o 


2 


3 


haemoglobin 


roue Arm jun> vAuxu 
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COMMETrt, 

Ca« 90 

ImprOTcmenl wu np!d and well niatained coaiideriiif that do Iron wu 
giren donng ber ttiy In boapiUL Eren after ditcharje, and without any 
funber treatment, the eoednorf to manofactnrt hypochromic nucrocytea 

Cat# 95 

She had no eympKoma or tlgna, apart from apleoomcgaly refer a ble to 
hepatic eg rhori a , atwl no hlctory of haemorrhajca. The aplenomcgafy on a 
prenoos occttKrn had dlmiruahed on large doaea of bepatex thh tTTr><« there 
was no apparent change after 4| weeki of foUc add the^y It ti onfortunatc 
from the point of tIcw of experimental obaemtion that paludnne was not 
withheld for aome time (eager To what palodrine coctrlboted to the 

reduction of the apleen moat be conjeettar the experience of the Malaria 
Dintton of thn loatitote li that malanal apkena rttede fairly raptdly on 
prophylactK palodnoe. 

FUcorery waa fairly rapid during the 6 weeks of fohe add therapy but after 
It stopped regeneration of red cdU waa alow and the haemoglobin fell ihghtly 

Cc0T98«T^lOa 

Like Caae 95 these were aamples of dimorphic ■n»»tTn« but natber had 
t palpable apleen. They were both desperaldy 111 bef or e fohe acid was giren, 
aXhd both bad a pyrexia of tmlonown origin before treatm ent. In both the 
tem pe l aline became normal a few days after beginning treatment. Their 
response to treatme nt , both lyioptomatic and bstinatological, waa dramatic 
and well eustamed. the reticulocytes rcsclung 58 per cent, m Case 96 and 
55 per cent, in Case ICO on the 6th and 7(h day respectlrdy 

It la difficult in this country to induce potential donora, eren among dose 
rdattrea, to giro blood for transfusion. 

The bitch of proteolysed lirer used In treating Case 96 waa impotent 
probably because, u ilrea^ mentioned, a fungus was di ac orcred growing In [l, 
and K produced oo reticulocytona m two other cases of mrtntknal macrocytic 
.n«i»T n f The rrtjculocytctii which did o c cur at the beginnmg of treatment 
of Case 60 was "rfaimal (7 per ceoL) and ccemred on the 5th day of Irrer 
therapy It wm probably the pomary reticulocytosrt due to tron, typical of 
dimorpluc anaemia. 

Serial total plasma protein estlmatkoa were earned out on all fire cases. 
In « yh there was a marked Increase b e tw e en initial and final estimatiocs. 
Each ptttiect reedred an ordinary third-class boapHil diet wuhoct the addition 
of say “ extras." 

In only one case (Caae 9^ was oedema present. The piaima protaeu 
were 7 25 grimmo per 100 ml on admlasioo, and fell to 6 58 gramniea when 
oedema waa most marked. 



535 


CO'VW’ Qases 

.... 

q { severe rvu series potentiai'^^^® virtue o^ 


^tvevavue-- .^onceui-- 

{act tViat re pvestiga^®^ ' 

f "'"''JJ.V, oral sy-tlreuV^^^'S^ 

U O' *f;„;..o»' „ .ee «B« rooo'v. »'“' '" 

*'" " ottbesoO"'"''’. ,n ,11 «o =»“ 

u9f 3,’'? 





CmXOiOOKW COCKT W SRCrt 


5J3 


Th* £tidn£ etmntj »rfcd bvtwwa 1 «ad 74 bat ofilr thiw ww ow t u tr u v 
AVTwn tb* tetmf coast btifa. tbo couat drofipcd befon riiiof to r«-«W 
the n:>ed Tbe ttm cf the p«gk Tshi ««a UHy coesuiK aod te all the cumi br 
ba t wtea 2 n) 3^ boot* aad wo ct 2| boon io tea of the com*. Hm peak nbj« ww 
TOT triafai* rrcrtfnf J80 (SD i 43-5 mce IOO-27D) TTk hdifai of tlw wied 
bj cdo(« than SO p«r amt hom tiini to tbo* m the Mme peraro. arro* of tb« count 
OQ oo* ■p eci c u et of atr u m wm abcut d: IS per cent, for g l rm obe ei -rar aod thro k 
Urfc nbyoh eten a aa t in ntkoetinc the count. BesUe* the aettni error of 
then b treat rarlttWi fai the dMoner o/ the pertklr*, iu^ fy ut g arittfaq to Fortade 
Totunie of wren] Wndrcdlold. The oTOj aDr thee, ■bwtW cmati ney reprwst cry 
difltrmt atnoaBS of drytomlcrtn tot actuallT the rrletn hf combtent to^ir^ 
thet, utint Kndenl oteel of b o mo tta brd tot, the arUoon to pe ni^ tb* n 
_ j.,» . doce catnpermbto causa «i» ohtaned sSen the tame «Tna.»w 


Rilatio^ Beiwezm CHTLOiucROt Rni A:«Ti Aitoevr or Fat Auouhv 
C ban^es in the cum whh Tcrying quanttUa of fat in the meal arete (tuefied 
iQ one tubject. ^ith the cundi^ smount cj 18 gramme*, the peak raloa 
in three eurrea were 138 162, 230 (aTcragr J78). With 9 grfmma the peal 
«u 80 and with 38 gramma the peak Tmioe* tn two cuma were 410 and 
330. The reUtionahip betweoi the height of the curve and the amount of (at 
given auggexta that the height of the chidotzumm nae h affected bj the amount 
of fat available for abaorptteo, but other endence waa obtaued ahowmg that 
the rUe does tMt depend on the total acnount of fat actoally abaorbed 

ft wax foond chat when a aafobfe edenas aait (r g 7} grammes of cikhtm 
lactate) h given with the meal, a low c m re resolta. Tlie amtge peak m four 
people whh aoch curves was only 03. To determine whether the low 
chylomkren count corresponded to a duniootion in the amount of fat ibaotbed, 
a trance erpernnent nas done on two normal subjects who showed low canres 
with calcimn lactate. The diet contained 95 granimt* of fat per day and 30 
grammes of calaura tactite were given per day m divided doses whh each 
meal for 6 day*. Tlw results arc shown In Ta^ 1 
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The low chylomicron count found when a calcium salt is given with the 
fat meal is not associated with any comparable diminution in total fat absorption 
Further evidence on the relation between the chylomicron curve and the 
total amount of fat absorbed is derived from thirty-eight curves on sprue 
patients whose fat intake and output was being measured (Table II ) The 

Table II 

RELATION BEnVEEN HEIGHT OF CHYLOMIC3ION COUNT AND PERCENTAGE OF INGESTED FAT » 

ABSORBED 




Percentage dietary fat absorbed 

<00 

GO— 


so — 

Total 

Chjlomicron 
peak count 

Number of curves <100 

3 

5 

6 

4 

17 

Number of curves >100 

3 

4 

6 

8 

21 


Total 

0 

9 

11 

12 

38 


chylomicron curves have been grouped according to the peak value, above and 
below 100 Table II shows that while an abnormally low chylomicron count 
is common when fat absorption is poor, the incidence of low counts is not 
quantitatively related to the seventy of the fat absorption defect On three 
occasions normal curves were found when only 50 to 60 per cent of the ingested 
fat was being absorbed Such cases suggest that chylomicrons may represent 
only a fraction of the blood fat, which may nse during fat absorption though 
total fat absorption be poor , and conversely, as shown by the calcium lactate 
experiments, may fail to rise though total fat absorption be good 

Chylomicron Counts in Relation to Blood Fat Curves 

Chylomicron counts were done in nine normals and twenty-six sprue 
patients concurrently with serum fat curves in which the total fatty acids, total 
cholesterol and lipid phosphorus, were estimated (Black and Simpson, 1947) 
A comparison of the chylomicron changes with the blood lipid changes 
during fat absorption might be expected to show whether chylomicrons 
correspond to any of the recogmzed fractions of the blood lipids 

The fasting values of the chylomicron curves in the fat curve series fell 
into two groups thirty-one were under 30 and six were over 40 No 
si^ificant difference was found in the fasting values for total fatty acids, 
phospholipids or total cholesterol in these two groups 

In the curves the chylomicron coimts were compared with the increments 
over the fasting value of each lipid fraction The peak of the chylomicron curve 
did not exactly correspond to the peak rise of any of the lipid fractions It was 
most closely associated with the peak rise in the neutral fat fraction, coinciding 
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whh h ifl * tlard of the cum* h> the remeimnf carm the chjHomkron p#<t 
occorred thoot *» often before ts efter the nttrtrel ftt pe«V No «igtu6ciitt 
tMocfttioQ wia found betireen the ch>-tomicroo pcik Tihte end cbingo la the 
pho*pbonpid tad cboltaterol TilaeiL On the other hmd, there w** a •.grrrft^f.t 
correlatioQ between the chyloreumn pcah value and the mailmum oeutnl fu 
increment with rahtta dmved from the firat thirty four c ur rea, nine Twrrtrt 
and the rcat from ipnie caaea, the ttnrelatioo ooe ffie fertt waa + 0-3S (atandard 
etrof M7), which is atattatkaPy aigntficam. Aa moat of the total fatty idd 
locremest after the Sad hour coodga of oemral fat, the ebyknuenra p-^ir 
Tiloe may be expected also to corretpond, though le« cloacly to the total 
btty acid peak value. For thu ataodation the correlatiQn coefficient was found 
to be + 0-33. Similar atudiea by other obaoTeia (MAcAarstr*, 103(^ hare 
giren comparabk reaults. 

Aithoagh there n a correiation between the chyiooikTOQ count and the 
neutral fat Increment, it ta not dote Whh abaoTbed fats, aa with the ftstog 
•ertun fata, the chylocrucrona may repreaent only a vanable fraction of the neutral 
ficL Table UI grvei the mean oeutral ftt racreroent over the fluting lerd 
Taxu IU. 
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according to the height of the cbylomKron count in apnic patients and in 
normals. For a amtOar to crease In the cbylofmcroti count there h on the whole 
a amalleT neutral fat inetement in sptoc than in normals, which does ngge^ 
t>iat the chylomicrona r ep r eaen t only a variable propcrticn of the abaorbed 
neutral fat and that thn proportioo is greater m sprue patients thsn in normals. 
The fracHoQ of the oeutial fat repreaented by chylomkrocs may be dealt with 
In a different way from the rest of the tbaorbed neutral fat. A nse m chylo- 
nucroDi with a ^ m the nentnl bt valoca was aornttimea obterred m sprue 
la eight out of tJgL i y -j creu spec im ens tsken after the fat meal, the 
neutral fat vaTuea were lower than the fasting Talnea the avenge chyJomicroo 
count for these specimens was 89 representing a definrte nse from the 
fasting IcveL These resolu suggest that mviBblc neutral fat is removed 
to tbc depou more npkDy than the partknlatc form so that the ebyiomiotm 
count ramdna high although the oeutnl ftt rahie £iUi. 
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lAvo-thirds of the cases the findings m these Uvo tests of absorption were in 
agreement 

Thus, in sprue, the defect in absorption represented by a low chylomicron 
count shows a consistent response to liver therapy, unrelated to any change^ in 
total fat absorption, and it is associated with the deficiency in glucose absorption 

which IS often found in this disease 

/• 


DISCUSSION 

The results suggest that chylomicrons represent a fraction of absorbed 
fat which IS dealt with differently from the greater part of absorbed fat This 
conclusion is in accord with Frazer’s (1940) partition theory of fat absorption 
This theory has recently been discussed again at some length in another review 
(Frazer, 1946) Frazer claims that fat is absorbed in Uvo ways in the normal 
subject, as split fat and as neutral fat which has not undergone any splitting by 
lipase and is absorbed in the particulate form (chylomicrons) Frazer attaches 
some importance to the possibility of absorption of fat in this unsplit form 
His theory has been applied to sprue by Stannus (1942), who suggests that 
in sprue an important fraction of the dietary fat is normally absorbed, as neutral 
fat, and that the absorption defect only affects split fat 

The amount of fat normally absorbed without splitting is probably a small 
proportion of the whole (Bloor, 1943, page 87) In our experiments with 
calcium salts the chylomicron rise during fat absorption w^as greatly diminished 
without producing any comparable increase in faecal fat In fact it is known 
(Bloor, 1943, page ^) that calcium salts diminish fat absorption, but the 
increased faecal loss of fat appears to be too small to be shown clearly in a 
6-day balance experiment The disproportionately low' chylomicron counts 
found may be explained on Frazer’s theory by assuming that the splittmg of 
the fat in the bowel is more complete when a calcium salt is given with the meal 
Lipase normally splits fat up to a certain equilibrium point The formation 
of insoluble calcium soaps would remove split fat from the reaction mixture so 
that more neutral fat would split Less neutral fat would be present in the 
bowel to be absorbed unchanged as chylomicrons The amount of neutral 
fat that is normally absorbed as chylomicrons must be small since a decrease 
in absorption in this form did not result m an appreciable increase in the faecal 
fat content 

A defect in the absorption of total fat, showm by steatorrhoea, may be present 
in many cases of sprue in which normal absorption of unsplit fat is shown 
by a normal chylomicron curve Defective absorption of unsplit fat, as shown by 
a low chylomicron curve, may occur particularly in the severe cases Parenteral 
liver therapy corrects this abnormality, while total fat absorption is apparentlj' 
often unaffected This again suggests that the amount of fat normally absorbed 
without sphtting is small, so that when split fat is not being absorbed the 
correction of any impairment in the absorption of unsplit fat alone would not be 
reflected m any detectable improvement in total fat absorption Chylomicrons 
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tuyar currea Thirty fivp of the cfayfomlcroD airvta were done whbin a weeh 
of a blood sugar curre fotkmmg the tngcaQon of 50 graminca of glocoac the 
rdatron between the two actiea of currea la ahowo in Table \ I In about 
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two-thirds of the cases the findings in these two tests of absorption were in 
agreement 

Thus, in sprue, the defect in absorption represented by a low chylomicron 
count shows a consistent response to liver therapy, unrelated to any change in 
total fat absorption, and it is associated with the deficiency in glucose absorption 
which IS often found in this disease 

i’ 


DISCUSSION 

The results suggest that chylomicrons represent a fraction of absorbed 
fat which IS dealt with differently from the greater part of absorbed fat This 
conclusion is in accord with Frazer’s (1940) partition theory of fat absorption 
This theory has recently been discussed again at some length in another review' 
(Frazer, 1946) Frazer claims that fat is absorbed in two ways in the normal 
subject, as spht fat and as neutral fat which has not undergone any splitting by 
hpase and is absorbed in the particulate form (chylomicrons) Frazer attaches 
some importance to the possibility of absorption of fat in this unsplit form 
His theory has been applied to sprue by Stannus (1942), who suggests that 
m sprue an important fraction of the dietary fat is normally absorbed, as netitral 
fat, and that the absorption defect only affects split fat 

The amount of fat normally absorbed without sphtting is probably a small 
proportion of the whole (Bloor, 1943, page 87) In our experiments with 
calcium salts the chylomicron nse during fat absorption was greatly diminished 
without producing any comparable increase in faecal fat In fact it is known 
(Bloor, 1943, page 29) that calcium salts dimmish fat absorption, but the 
mcreased faecal loss of fat appears to be too small to be shown clearly m a 
6-day balance experiment The disproportionately low chylomicron counts 
found may be explamed on Frazer’s theory by assuming that the splitting of 
the fat in the bowel is more complete when a calcium salt is given with the meal 
Lipase normally splits fat up to a certain equilibrium point The formation 
of insoluble calcium soaps would remove spht fat from the reaction mixture so 
that more neutral fat would split Less neutral fat would be present m the 
bowel to be absorbed unchanged as chylomicrons The amount of neutral 
fat that IS normally absorbed as chylomicrons must be small since a decrease 
in absorption in this form did not result m an appreciable increase in the faecal 
fat content 

A defect m the absorption of total fat, shown by steatorrhoea, may be present 
in many cases of sprue in which normal absorption of unspht fat is shown 
by a normal chylomicron curve Defective absorption of unspht fat, as shown by 
a low chylomicron curve, may occur particularly m the severe cases Parenteral 
liver therapy corrects this abnormality, while total fat absorption is apparently 
often unaffected This again suggests that the amount of fat normally absorbed 
without splitting IS small, so that when split fat is not being absorbed the 
co^ection of any impairment m the absorption of unspht fat alone would not he 
reflected m any detectable improvement in total fat absorption. Chylomicrons 
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rep rwpt , bowcrer *n ipprechbte proportnm of tbe •erttm f«ti during Ut 
ib«orptk)Ci (Etxri, Fkazzx «nd Stbwakt 193S^ to that h mart be «raied 
tbrt the rtnill tmoont of fat abaorbed aa chylomicrona {a mnored to Uk depots 
rcIatlTeJjr alowljr 

The different reaponic to parcntcraJ lircr thenpy m rise abaorptkm of imsjjfe 
and split Ut suggests that a failare of different mechanlsins a reapooaibk fer 
the defideocj In absorption of the two fractions in spnie. It appears that tlw 
fundamental deSclencj ts in the absorption of split Ut, which may be doe to a 
ftStire in pbospborylatlon f^AHXDS, I&42). LeM speciffc absorption as 

of neutral Cal, may be added later m the more ae s ei e c ases . 

SUblMAR'i 

Cfaytonucroo e m rea srerc done on deren nonnal sut^ects (dghleen c ur res) 
arid on twenty-eight padents with apme (eighty-aeren e nn r es ). With a meal 
containing 16 grammes of fat, the peak cotmt m notmals ranged b e twee n lOO 
and 270 psrticlea per standard held. The chylomicron cui te tn normals 
and diminished when more or leas frt was gimi. toggcating that cbylomkroDS 
do repr esen t at least arte form of absorbed fat On the other h«nf<. low curYcs 
were produced m nonnala by gmng calatnn lactate wnh tbe meal m frt 
balance experimenta, cai d um lactate did not prod u c e stcatorrboea, so the 
fnclian ef tngerted Cat invoired in prodoong a anrsal cbylomkiTai cousl 
must be quite «m»n_ Moieorer in cases of sprue little relation was found 
between tte bogbt of the curre and the degree of steatorrhoea and when 
** Hat ” c hy io mr e roa uir res returned to normal with hsprornnent, 

there was no corresponding dmunutioo in tbe rteatcrrboea. Concurrent chylo- 
imcron currea and serum Cplds cuf res In apme psuenta showed that ebyio- 
microoa r epres en t a rariable fractwo of tbe absori:^ neutral fat In the serum. 
In untreated tproe low currea were found in about half of tbe patients ciamloed. 
After 2 or 3 weeks of parenteral Urer therapy pstients whose currea had been 
low gate normal currea. 

It if concluded tti«t a r™n proportion of tbe total fat is absorbed without 
splitting ts findy neutral ImL While all patients with sprue bare 

a defectxre tbsorpAloa of split fst, only sonoe show Impaired neutral fat abaorp* 
tion as judged by tbe chylonucroo coonc Failure to absorb neutral fst b more 
common m tbe serere caset and responds to Drer therapy 
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GROWTH OF PROTOZOA IN TISSUE CULTURE 

V LEISHMANIA DONOVAN! 

n'i 

FRANK H/UVKING.* 

rrom thf NalionnI Institute for Mcdtcal Research, London 


The purpose of this paper is to describe the growth of Lctshtnanta donovam 
in tissue culture using the technique described, in previous papers of this 
senes, for Plasmodium galhnaccum and other parasites (Hawking, 1945b, etc ) 
A preliminary notice of this work has previously appeared (Haw'KING, 1945a) 

Technique 

The spleen was removed, ascptically from hamsters infected with L donovam These 
animals, and the cultures used below, iverc kindlj supplied by Mr L G Goodwtn, 
of the Wellcome Research InsUtution The stnims of parasites had been isolated from 
cases of kala-azar in India, Sudan, and Sicily , no sipnihcant difference was observed 
m their behaviour in these expenments The spleen was cut up into small pieces Four 
small pieces of coter slip were attached to the floor of a Carrell flask by plasma, and 
an ctplant of spleen was mounted on top of each in a very small drop of fowl plasma 
The fluid medium consisted of scrum, 20 per cent , chick embry'o extract, 5 to 20 
per cent , phenol red, enough to giw a faint red colour , and Tyrode’s solution 
(Hawking, 1945b) In the earlier cxpierimcnts, hamster scrum tvas used In the later 
expenments rabbit serum svas employed , it seemed ns favourable for growth ns hamster 
serum and was much easier to obtain The medium was changed about every 5 days or 
whenever acidity was indicated by the medium turmng yellow The growth of cells and 
parasites was exanuned by removing one of the glass slips, fixing m Schaudinn, staining 
with Giemsa, differentiating wath acid, dehydrating wnth acetone and xylol, and mounting 
in a neutral mountant In some of the expenments, the cxplants ivcrc made from the 
spleen of an uninfected hamster , after a feiv days a drop of a culture of L donovam con- 
taimng flagellate forms ivas added 

• Grateful acknowledgements are due to Mr L G Goodwin for cultures of Icish- 
mania, and for infected hamsters , to Miss V D Mabkham for technical assistance , to 
Mr F V Welsh, and Mr C D StnroN for the photography , and to Miss M M 
Bukchell for assistance with the illustrations 
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EXPERIMENTAL RESULTS. 

Mort of the cnhurca n aide from infected btm»tcr« grew wdl, and after 
a few daya IcahmanU could be aeeft in the mactopbagea tnigrating oat from the 
ctplant. In ameui made from the apleena used for these cuhures the number 
of paraartes was such that moat cclla contained about one to three lerahmaiua. 
In the cells of the cultures they became much more numcroua, until up to 200 
or more were present, as ahoira in Flga. 16 and IS Cuhures 6 ere mamtiincd 
up to 33 days, terminatron being due dtber to exhanstlon (by femoral ftr 
cxamlnatloQ} of all the ctTra* slipa in a fiask or to bcctcrlal r tTT^f«Tmn»fn-»i 

DETEtOFilCNT Of LeISHMA:<1A IN CeLLI. 

In the first fev days after the cohnres were set up there was an Kthc 
emrgrstKMi of monocytes and other cella from tbe cxphmt on to the tdjtcnl 
surface moat 6f the ceQ types present lo the original tissue were seen. Later 
(5 to 20 days) there was tmt^y a maaa of doogsted cells (fibroblasts) around a 
circular apace tbe hmer ceOs were arranged drcunderen t ially the oatcr ones 
radially Mooocytei and macrophagea Here scattered among these ceOt, and 
many also occurred in tbe central space as eery thin pUlc Uhe fiattened 
agsintt the glass In tlus posmoo, giaot cella coctainlng fire to fifleea (or more) 
circulir nodel snre often present. Most of tbe ccH t)pes of fpktA, other than 
those mentioned, bad draappecred by the 8th day After tbe 20tb day the 
ttniettzre of the enhure ustnlly became more tfasorgan ue d and cella growing 
singly or In small elasters pw g ht be found without any definite amngemest. 

In tbe early stages, r 2ad day loshmanta were fouj>d n the monocytes 
nugratmg out from the explant. Tlie cells contained tiro to fire parasites or 
more, and did not seem to be incoaimoded by tbtir presence. Later pa r ai t es 
were present in considerable mimbers m monocytes and macrophagea through 
oat most of the culture somettmes dntnburlon was a little patchy FIgt. 6, 9 
16 to 18, 22. They were especially mnserous in the large giant ceRs roentlooed 
aboTC, Fig 22. SomeUmes a few parasites were found m cells nhJch were 
definitely fibroblasts. Fig 17 In the monocytes they tended to occur towards 
the edge of the ccD in the giant cefls, amfilarly they congregated capecitDy 
in the thinner p>enpbcnd portwo. Some of tbe gacropbagts had long p roc ts scs. 
and these often contained paraates arranged Hke a string of beads. Fig 8. 
Parasites were sometnnei seen lying tree &t>m cells, but tiwh parssites were 
usually degenerate. In one sCde a ciide of parasita was found lying between 
the glass slip and an overlying layer of fibroblaju pres uma bly i large niaen>- 
phage had degenerated, lesvmg the parasites in an apparently healthy eonditkai. 

Tbe parasites lO these cultures o u. uiixd mostly m the typical leishmania 
form, as shown m Ftgt. I and 2. That is, the parantca formed spherical or 
slightly oval bocCea, with a rounded nudeta lying to one side and a square er 
oWoog parabasal body OcewonaDy tbe parabasal body was duplicated- 
Forms showing binary fiasjon of the nnclcua could be found only by long search 
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Fig 1 — Typical intracellular leishmama in tissue culture 
Fig 2 — Dividing form from a fibroblast, unusual type (9th day) 

Fig 3 — ^Elongated intracellular parasites (12th day) 

Fig 4 — Leptomonad forms derived from intracellular leishmama, flagella nofshown 
(19 th day) 

Fig 5 — ^Dividing leptomonad forms, denved from mtracellular leishmania 

Fig 6 — ^Round extracellular forms denved from mtracellular leishmama (19th day) 

Fig 7 — Degenerate intracellular forms (23rd day) 

(FlOS 1--7 — MagmficiUon according to scale Drawn by F H) 


In some of the cultures, leishmama could be found which were defimtely 
elongated as though preparatory to forming flagellates (Fig 3) The circum- 
stances favourmg this were not clear Defimte elongation was seen in cultures 
9 days old and 12 days old respectively , and m cultures 19 to 20 days old, 
definite formation of flagellates occurred as described below On the other 
hand, cultures 24 days old might show only rounded parasites 


Formation of Flageluvtes from Leishmania at 37° C 

In most of the cultures that were mamtamed after about 16 days, further 
development of the leishmama took place, in that they were liberated from the 
cells and formed great masses of extracellular flagellates This phenomenon 
occurred in four out of six flasks which were mamtamed for more than 20 days, 
and it \vas observed m two experiments separated by the mterval of a year 
In two flasks forrmng the third experiment, the cells were rather degenerate 
by the 20th day and flagellates were not formed In two other flasks, growth of 
leishmama was maintained in tissue culture for 24 and 30 days respectively. 
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t u fl — Laifaimak ca tfa* prooaM of cdl (tdtb dky). 

Fs. 9 — L aii frt Mgifa in two cefb »hkli haw not yvt tmpfatrd d^tir dh riifan 
^MEcne lUlt) 

Fto. IQ.—'Oagesamu of] hmm aftvr f noto i h«n aacxpcd (anoo ilide). 

Pt& ] 1 — S^Blkr focm, moc* defeoanta (»ms» alUeX 

Fto. 12.~4ai»cdkikr WfchTTwn h 10 4179 after addcf flt^Difce to euhan ef 

Fio. 19 '-Mm of fttceOifiBi adlKnot to «««4> tber frees cabare at loftetad 
iptaea (tOth 

FtOi. U & 15. — Dette bmm i of «*tr «erfttit«r ym n f ta (hkm ibd m 12). 

(TKm t-U tm. awtyiZJffcrjJLMXJf ) 

tbe pcrmtei bong tnncforcd~ from ■ coltore of infreted fainMer tpken to i 
colture of tminfocted epleai daring tlm lime (•« bdow) in thio etpenmoit, 
DO flxgenates trere formed. Tbe •Umulue respccuiblc for tbja de^opmcnt 
k not deer In dew of tbe weQ known formalictn cd 1 ^ by coltlntioa 

et t anp c taim a below 30* C., confidenjLioQ was grren to tbe poedble inBuoct 
of tcm p c alu re. These coktnes h«d bees kept in a coesunt tempcriturc room 
at 37* C bat crery 3W to dtb day they were taken into the laboratory for 
ezammatian and were kept at 10 to 20* C. for about an boor To teat tbe 
hypotbesh that formation of flageSates was doe to 1 lowered tem p er at ure, ooe 
flxt na meubated at 30° C from tbe lOtb day onwarda. Cdla and paraaitet 
grew quite wdl at thk trm p ar a t n re flageCatea w er e abeent from it at 3 p.in. 
00 the 18th day but were p r wnt «b great doaten on the morning of tbe I9ih. 
In two fiaika ot tbe tame experiment, whteb remained at 37* C. one 

no flagcHatea on the I5th but great duateii of them on tbe ISlh 

day and tbe ocb^contauKd great doatcra of roandJetafamama almoat beguming 

to be liberated from cdla 00 tbe ISth and 18tb days. A com parko o of tbeac 
flxW, ihboagh not conchisiTC,aaggetta that a lowered temperature baa not been 
the Tram thn nha foT tbe co P Tc nl oo otto flagtflitea. 
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Fig 16 — ^Macrophage containing many leishmania, some 
of which have become elongated, 19th day of culti- 
1 ation from spleen of infected hamster X 1,250 
Fig 17 — Fibroblast contaming leishmama, same slide 
X 900 

Fig 18 — Macrophage greatly distended with leishmama, 
some of the leishmania he m groups m the cytoplasm, 
which IS reduced to a degenerate meshwork, same shde 
X 1,250 
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Pki 19 — Group of ptnMtM lar tJ it lathmarm ro l uofj t nl 
rtkued bum dmt«8r^^ cvH ten iljck 1,290 



Fig 20 — Lowpowerphotomicrograph 
( X 62) showing dense masses of flag- 
ellates (the fine black dots) liberated 
from cells, the nuclei of fibroblasts 
and surviving macrophages are seen 
as small black masses , same slide 


Fig 21 — Edge of dense mass of parasites 
multiplymg extracellularly at 37° C , 19 
days after flagellates had been added to 
cultures of hamster tissues (Some 
flagellates have been outlined m mk ) 
X 1,250 
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Fu C — Aluhmudra «cQ Irahntana — 

oiten tma infectrd hamate 5th da> I OUD 

Fw 33 — CfDup f parasites libeiateO from raU 
I ono 
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FK^^K I'A'' ^^0^^nb^tllC 

aUrttaLon' (''■P J J K.'^im-'™'’ ''rMl'otV'’"'"' 'b'odit'con- 
,„pc of r™ „( .o ''“‘‘.'rt, “cll 

"'rjn:;:;;^ .'-' ""^rr r.'r Ts^sr-f-^ 

Lc actiN d\ moujc In snmc^^ V\? 3 '’Vd cb> 

u'r:7- 


onb M.Kht > nnbc3Ub^ I (aTsn^nccl Nvith C^.cm^) " conf.-atcd of 

m There ''■cr^<= '“n-'; _„ii_,i red di'K*' \ The rcsl of r>‘L .-me of these 

then, w-crc ustiahv *ir^\ ^hrunV cn cell nuc « dcpcncrntc iq-v In the mon. 

(presumahb ‘^''^"f,’^red-st iininC v'"'"'' ' groups of P^ntsi*^ 3 mcrcU n 

^ rE "’u",’at,‘’S o-»“' 

-rs S a%5 -S'; J;S^i » abar... c«'> “ '“' 

other these enU be desenn PUI^TURK 

,te 1 risiiMANiA umvEF‘ culture 

■Imnsm'K'O'. o» from “ ^ 

The attcmpl was made “ ^uHurcs of dean ''•'”“ bure of spleen 

eontammg rounded le.shmama .o ^ ^ a s ,p groavmB 

Carrel flasU were set “P’ ““ “ .„usly. both «'''‘X„ The hashs were , 

plus leishmama (set up ' fresh hams“' P examinations which 

rxreVrsuSipoiionas^^^^^^^^^^ 

showed a small group of cells ort 
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leahnarq^i the re*t of the colony contjjocd h»rdly *ny purttites. Tbe other 
Mlip* were aumned on the 12th •nd 24th d»y* md *n ihoired Ictthnmm to 
be pre»cQt m the cnlttiret of dean tmoe a rrdi o m the orijiaal infected 
colttirei. (After tbc 12lh diy the beqme coctammated with 

which gradually caiaed degeocrition of tbc cell* ai>d paraaitca.) Mott of the 
ihpa ahoved a few rotmded Icrahmaida lying oa the glaaa and pl*«TTY< often 
at aome dtttanre from the edb amcc do traniw had been Incurred in 
removing the *bpt from the ftask and frdng them the eitriceQuUr poaition 
of theae perautea probably repreaenta the troe atate of tffairi donog cukrTatton 
rather than an artefact prodoced when the preparation was made. The 
occurrence of auch ertracellular forma would eapbin the ready tianamaaioo 
of Iciahmarua from ooe ceQ cdoay to another I<<o endence of metanwrpboab 
of the paraaitca into the lepcomonad form donog tranamiaakm to otbo cell 
colotdca waa aeen. 

Iuftetitai of C*St iy FlagtUata, 

In a further aeriei of expenmana. ftageSatca obtained from culotrcs mxtk 
at 25 C were added to ftatka containing implaxiu of dean hamster ^ecn, 
whtdt had already g r in r o a citre for 9 or 4 daya. In most of the cnfturea 
rmjoded leiahmanla were found mnde the ccQs when the flaais acre sampled 
(Fig 12). At the 2Qd cod 4th daya, the kiibmaiua were few by the 8th 
iOth, 19th and 1^ days they woe often numerous and in same pbees they 
distended the ceOs as In the col t area made from mfeexed spleen described 
above. The forms in the edla wese usually rounded, but totaelimes they 
were eloogaled. Thar dlitnbutioo was often uneven, being numeroua m some 
ftam of the cell colony and absent in others, lo one oilmc, edb were teen 
stuffed wHh ffageUttea, wrth the flagella sticking out round the edge of the 
cdla. 


Miri.TiPOCAn<re or FLAOiLUtTa at 37* C. 

In many of the cultures the flagellates actively multiplied m the flmd 
medmiD of the culturei, at 37* C quite fadependenlly of the cella. The possi- 
biUty of auch growth ta cifr® at 37* C hai not previously recared general 
recognition. Numaous flageHttes wub the uiual leptocnonad fociii and sctivdy 
Tsaring wwe found In the fluid after 11 d*^ or mere of incubation at 

this te mp er a ture. Soch growth oevun e d ngorouily m many flasks bot it was 
absent m others it hsppened m aenrai djfierent expenmema. its prestnet 
or absence could not reaily be ataodaled with any particular variation of the 
culture raediuin or any particular strain of parasites. Lsoally the multi- 
phcatioo took place by tbe usual bmary fisswo of Icptomonid forms, and often 
rosettes were produced. 

Someumet there were cunous formations of parasites dosely adberent 
together these forroatwos deserve further dcs crip t on. They were most 
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TcHERHOUotrrz (1946), In the EngHih nmcntiT- of • Hebrew piper 
report* th*t he obUined pore cuhuie* of Icuhmtnl* of L. tafattm tnd L. 
domortn hj p l tnflng fitgcnatci on ttttne eakurc*, Appirently be used hameter 
•piceo tnd plum* »nd Kmm from ribbiti or c*ttlt 

WnjfiiAM (1®®) ohaerred growth of loihosuilil forms when the flagellites 
of L. tnptcm were added to gatoapig tmne, lurrlnng cm agtr-eenim^^TTode 
ilanta it 37® C. but no growth ocinirrcd in true tissue cuhores of guioeaptg 
tissue. 

The tccterfqne described m the present paper appear* to jidd irUT-fTti qjir 
cohura of leubmuua zoore cottrementljr tnd consl^entlj tKjn tbote ret i ewcd 
abort, with the possftAc excqJOcm of TcHlEitOilojaTT'# methods for ^htch 
drt al l i arc not trtilablft. The cuhurea are ptrtioilsHj trcH adapted for nucro- 
scopical thidj 

The intraccQokr growth of the parasites m the coh ui g made from infected 
hamster* wu in accordance with expectations baaed on prerlois experience 
with tiasoe cnhures of P /anoMceaa and T enui, and on reports m the literature. 
Two pbeamaa were unexpected, tts — - 

The fltgeOxtei bunting out of the cells after 16 daj*. ahbough tbe 
tempenture «is mahitajjaed at 37* C. 

Tbs wtajfm respaealbit Cw thb it pot dear It did Dot eccar aBtO afttr 19 drr* 
and happaaed ady wftfa caOt wfajefa wm tteatly dh te a d t d whh tfas p ai a d as. Tbeaa^ 
esp e ranc a t msdt by (nenbciist <»• Attk n 30* C- did not m ifrp ^ tfao view that w 
be Wwmtm ^ cb* temps e ani re. It b probshit that somst lafti of Uds 
natorv was seen in one of tha exprments of OaraiLor tad hAtrtCKXM Ths cniy odwr 
record of ^twIt Connatiaa of fitrcQatts ti body lempantujr U dw ofa —rr sife a 

of Wentn (IBj^ of kpcomcoad fonm oi ths«f4Mo sf dot tpeihawitsfly lafcetrd wid> 
dimttmd. lo tfaa cEptmeot of (he pnmt sane* io whadi tb* InlectiaB pawed from 
tnfi-rfrJ c uhmtj to cfeitt culture* no aueb ttjMmonad form* ware scan, but nmded 
I>hJ»iian L« cn.uj n ed cxtctcaDahrty Accordhitly thar* i* no nnd to poat u i ata tTWia* 
fonmtkn trail tfaa f^m to optam utuiiuiadwi frcDi ooa ecu to another trt 

tba t e tubma boat} tnon probabiy tnowrence occur* na the Irhhmikl form. 

(H) hloltlpUcation of QagcQxtes st 37* C. 

A* doetlbed sborr extiacalhitsr nml riplk a tK ai of flifelkiai i xauf c d actlrc^ at 
37* C. both in fiasia wiwr* fiaseOste* bwt bam added tnd in Unaa e which flaatUM 
bom (Ml of tha orik. Affwrentty tfaa same iilair*irTW*i wa« ohaarred fa acme of the 
ailritre*ofanrtnjTrBndL*c»c*ctx.*ndofTVteototi but tha poaafbOityof «ch fiwrth 
of dw IrptocMirf form at body teia ii e tj tnra ha* not been ijrnerally racoyn bad. At 
j TMwt, -w* do not cJesity know what coodafan * dHtuWty deitunuia wfakn form tfaa 
nam^ ahall taka at gimuncanent. Tha kwliiipnfld Ibreg tf tiwaued by toupcjituie 

of37*a,bTmtrBeeIkl*rpciai^ and tppanmdy by fcotaiM osrimi (Aw^ and ■praw 
lflJ9) arid the lepteanonsd form ty taapcratnia of 30* C. or lc*8 and by madia of^ 

type. Dot r«^ of thasa hetoei «pl*»* iQ the reaoh* daicribed aborc Tha 
subject tkaer r n further study 

The cunouB mtsses of partsites which were observrd when tbc EigcUxtes 
mohlphed st 37* C. were rery striking XFig*. U and 15) Da* Gctts (1922) 
roenttons soroetrbst sunnir form* (ha Fig 5), but he coosidered tb^ t cyst 
was present. Gatsilot sal Lac»e«cik (their pboeognph No. 13) dcpfct s 
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similar colon} vhich they had observ’cd when cultures of leishmania were added 
to hamster plasma and embryo juice and grown at 37° C , they also interpreted 
the appearances as a “ cystic colony ” In the present instance no cyst walls 
could be distinguished Apparently these masses w ere formed by the continued 
mutual adhesion after fission of pynform parasites uhich were mtermediate 
betw een the leishmanial and the elongated Jeptomonad stage In many ways 
they resemble the plug of parasites which develops in the pharynx of an infected 
sandfly, as described by Shortt, Barraud and Craighead (1926) 

This i\ork confirms the view expressed m previous papers of this series 
that many kinds of protozoal parasites, growing m association with cells amenable 
to tissue culture, can be cultivated by the present technique "When dealing 
with small animals — e g , hamsters, the preparation of the fluid part of the 
medium is much facilitated if a suitable heterologous serum obtained from a 
larger ammal — eg, rabbit, is used These cultures should be convement for 
chemotherapeutic investigations of anti-lcishmanial compounds since parasite, 
tissue cells, and drug could all be combined in a small flask and the effects of 
the drug on the parasite and on the cells respectively could be conveniently 
ascertained wathin a few days Chemotherapeutic investigations of this kind 
on exoerjthrocytic forms of P gallinaceum g^o^\lng in tissue culture, have been 
described from this laboratory by Tonkin (1946) 

The protozoa which have been groivn m tissue culture by this technique 
now include the exoerythrocytic forms of P gallmacciim (Hawking, 1945b), 
of P rehetum (Ha}toing, 1946) and of P lophurae (Tonkin and Hawking, 
1947), Trypanosoma cnizt (Hawking, 1946), and L donovam Attempts have 
been made to culture Haemoprotens cohimbae Two infected pigeons and 
pupae of Pseudolynchia maura, were kindly supplied by Dr R. CoATNEt , of the 
National Institute of Health, Bethesda, Md , U S A The pigeons and flies 
were kept in the cages described by Huff (1937), and transmission occurred 
to about twenty other pigeons However, the strain of Psetidolymchia tended to 
die off in the winter, possibly because the air became too dry for them Suit- 
able pigeons were killed and portions of the lung were set up for tissue culture 
by the usual techmque About half the flasks became infected with moulds or 
other orgamsms In the other half, growth of macrophages and similar cells 
occurred but no parasites could be found It is considered that this failure of 
growth was probably due to the difficulty of securing implants of lung tissue 
which contained the asexual forms of Haemoprotens Owing to the pressure 
of other work, this line of research was discontmued 

SUMRIARY 

Letshmama donovam has been grown in tissue culture at 37° C , usmg the 
technique previously described for the exoerythrocytic forms of P gallinaceum 
The cultures were made from the spleen of infected hamsters, but rabbit serum 
was substituted for hamster serum in the fluid phase of the medium, because 
it was more easily obtainable Vigorous growth of leishmama occurred and 
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growth im maint ai n ed t» long n32 dm. lofectjcn could e**ily be trtoMnrtted 
to catture* of dean tple«n grown [h the ttme CarreH flaik m an mfcctcd catmre. 

In meet of the cuhum maintained for more than 16 daja, the pamitea 
bnrat emt of the edh and formed great majaea of free flagcllatea, growing and 
mohiplyiiig at 37® C. 

Donng other etpenraenta, dagell^ea from cultnrea made at 25* C. were 
added to tmue cujttirea from hamtter apleefi growing at 37* C. Some of the 
pcnaitea entered the ceQi ataunung the leiahmanial form othen mohiplled 
aa SageOatea in the Sidd mediom at 37 C. 

Among the flageliatea growing at 37* C. pecnllar colomea were found 
conaifting of pjnform or polygonal paraaitca do^y adherent to etch other 
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STUDIES ON LIVER DAVIAGE IN ACUTE MALARIA 

BY 


J KLEEBERG, md 
and 


D BIRNBAUM. m d • 

(From tlie Malaria Research Station of the Hebresv University at Rosh Ptnnah, Director 
Professor G G Mer , and the Medical Department “ A ” of the Rothschild Hadassah 
University Hospital, Director Dr J Kleeberg ) 


In 1931 Tschilow, and in 1944 Kleeberg, found by means of the Weltmann 
Reaction (W R ) that blood serum of patients sufferjng from acute malaria 
coagulates at a lower concentration of calcium chloride than serum of normal 
individuals, or of patients suffering from an acute mflammatory disease This 
method was originally evolved m order to distinguish acute exudative mflam- 
matory from chrome prohferative processes Essentially, the serocoagulation 
test consists in mixing constant amounts (0 1 c c ) of serum with constant 
amounts (5 0 c c ) of calcium chloride at varying concentration and heating 
the mixture in a boding water bath Normal sera, when heated, wdl coagulate 
at a calcium chloride concentration of 0 05 to 0 04 per cent ,te, the sixth and 
seventh tube of the dilution series In exudative mflammatory processes, 
especially m acute infections, the coagulation band is shifted as a rule to the left. 
Results obtained vuth the reaction in malaria by both authors were surpnsmg, 
since the clinical picture in such cases is that of an acute infection with high 
fever where one w ould expect a typical shift to the left According to Weltmann, 
the coagulation band tends to be shifted to the right in the foUowmg conditions 
(a) toxic In er damage , (b) haemolysis , (c) chronic proliferative processes, 

especially hver cirrhosis Kleeberg, in his first paper on acute malaria, has 
discussed the possible role of the first two factors in the production of the 
lengthened coagulation band 

* We wnsh to thank Dr F Rosenthal, who made the chqlesterol deterrrunations 
for us 
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UTcs atuvac rt uaiarix 


In order to docitfatc Acton whfcfa fafluoa* the Weitmann Reaction 
acute and hoping ibercby to define iadkatiooi foe *\nuWe thenpeu 

Of (fietetic nKxsurea, a mote gtea ti Tt apemnent waa nodemLen. T 
mimb c f of patlorta auffenng from naturaUj acquired PUsmodtsm vrrnx ■ 
P faktpmn mtlarjt #aa Increaacd to about 100 To the Weitmann Reactic 
red cell and retieolocyte couon. haemolyni Cephalin-choleaterol Floccnlati 
Teat (CF T ), Chorme Teat and choiealerol ecanunationa were added. 

Mateuai. a:<t> Mcniotw. 

Blood TO wnhdmni bjr Ar •"tnlc tyrlecc in c«d«r to n ewd haauitTti*. erco n* 
of whkh an likeir to «hift leniia cxMRulitlcci to tbo ri^t hf t-X rUBfaen. S«n «i 
otoined fmn Ai^ ptWnn, 15 to 60 j«an f ka h^p eftodroMC rOtaim (^xwt 
Mr cm. of ca*e*i. Or tram peoptoarbo bid Kqoind ibt infection dartas raft to tcMla 
Bifered met bit lafao tmd pannanentty to noc-cadariri dtneta. Sera '■ere 4*o oblate 
& 0 (D Jnrmh pattena kept ondcf atrlct cnediciJ npaniaiOD and Cram (rotipof DQttBi 
adnh Araht errata in brpcTmtraac ana. 

Tbe W Irmafw Reaedon waa p e r fo n attl actontaia <n dia ditcciiooa girea in tfaa Ltit 
«iini/«mift7rLtttMaoa<andMcFATi;arbTCau>«onu InChrhatn><4Taiat(a(,iatiT>do< 
bj bln. Bnxiicu wod Kucua, aoteiiim of dekd ox bde • MKaiic MJioe amid 
•mdtrd batmof /w aafat K ii «bi«b tekaa nocmal blood m 4 5 to S beura. 7^ Yr^ 
blood b ctt en n «&baaecd in tfaa coona «d ttmlanaJ fajetoca. Tfaia tnt -waa peHotss 
ciittetuTTOtty V bb ttlliulut^ta and nd eiG coonta. 

[ the Cr p halfa ^J >t > | r,»jf,m < FVeentabaa TeatAa dgactaoaa^Huioaairefa feOoan 
It ihi-aiH b« poinard ak tfaat ifam wm so boamtal faewdea, tba la aar al bd 
obtained from pe tte iti arteodfctg flaU daak ef tbe Alabna Rcaevth BtaiiGn. Uk 
fleU ooodrtioB* ce-crKrmafrm ast hed oonddenbfa ddBcubr Owtog to le^ of t 
Pio n et fiadlitka, TOa compellrd to perf o r m dte cbokacatrf -eater cacbmtiana 
JenvakiB. A tnodi&xtba In tba pfoo dur e waa. tfamfen , mtTodaced 0 7 cx. aero 
waa niaed wub X7-6 cx. rtb*T*akofaol (I 4) mtend, wub^ tf>d ar a por ce d. ’^la d 
(beb wm tmilad to tbe iaboratory wbna tbe drr tnftbae was nd la ao f ra d end ti 
/ ■Miiilngntfin carried out. 


RESULTS AND DISCUSSION 

Graphs I and 11 sammxrixe the rcrultj of teats made oo forty and fifty-* 
patjenU fufierlng from acute P vroax makna and P f*lctp*nm lofecuc 
rcapecUTtly 

The bkiod of patterns of Weitmann group* 6 and 7 n U!ud In the ttandsi 
bile sohjtion m B.T malam after 3 1 and 3 honra, and iQ ^LT malaria afb 
3 aiKl 3-2 hours, Normal blood in the suae hserooiytK solutJoa was InrariaW 
Uked after d 5 to 5 houra. The mean valuca of htemolyitt m Wdtmann grooj 
7 and 8 m case* of P mms and P ftdaftnfm malar« were feund to differ shtB 
fif. Titty the difference betoj more than three tnne* the tundsrd error of li 
difference between both roean*. Tla difference b e t ween the means of hscHK 
lysis time of 1\elrmaiuj group* 8 and 9 was significuit only m the case cf th 
group of pauenti suffenDg from P terax malaria, m winch h was six thnes th 
standard error of difference w cocrespoedmg groups »ith P 
infection the tfifference of the ineans was Icn than twice the standard error t 
the diffcreace. 
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UVEB DAMiCE ZX XALAUA 


From TtWc I it ippetn that the chan^ m reaction ire imall neither 
<}uiniDe nor mepaenne titer the teat. Tbia h*a been dearij dcmoimrated al» 
on a group of ten patients aofTenog from B T relapaing nuiana. Sen of these 
patients were tested before and after treatment, the obacrvatiotis eoTf r ing in 
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aoise rnataoces penoda of 2 to 6 ntontht. The dugnoais ma eataUnbed 24 to 
46 boun after the first attack. Patienu to this group vrere gim careful medicsl 
tupe mn oa. \\ithla 12 monlha the; had from tiro to eight rdspsea, each of 
trl^h wu promptly treated wilb mepaoirte or quinine, the trealEMSt being 
eoBtinued for 7 to 10 days trader atnet tupemsioA. Reaulu obtained on thk 
group were of a high degree of conauncy in rep ea t edlr performed tetta. 
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\ mbrT of OM II -1 j 4 j 1 


The results differ from those obtained in other patients with P rrrax 
mslarla (Gnph I), »incc they reretl the pathological shift to th right in a 
small er proportion of csscs. 

The qu«tjan whether ihwe is any significant difference in the pathological 
aheraliOQ of the Welttomn ReactKm m P mar and P ftkip^nm mslam 
respectlrely is not in our opinion, conctusiref) answered by our results, 
although the differeoces obserred are apparenllr not mconikienble 


Tbw mST by tfaa tact that tfaa tbcrapcuticst meaaure* wert talna irty 

nl mrtbcKflallT »beT*«« the other aroop of parieoa bred ander unfnoonbJe cood*. 
ttWrt. espedillT semert. 
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urn DMiAO: a vaiaxia 


tffctted the rttulu of th* \\ehimim RatcUoo (icthx polinociary tubcrndoah 
in the ciie, btoHiry djnentery fa tite •ecoad cast). 

Heakbj aduhx wjth ao preriou* biatocj of tnxl<m were u*ed M controii 
iQ each wnea of tests. They all had tumil figures (0 to 7). 

An inreati^itKBi conducted on healthy tdohs In t hy p w > n < W n^ 
area uaa also carried out in order to find an a ns wer to the qocftion 
whether chzcges occur m the Wehmton Reaetjoa m imfiriduab who hare 
acquired a natnri] resistance to malaru practtcaOy without t wtn vw t$ $ 
result of nuinemis Infectiona durntg childhood, Aduhi of tins catejory had 
Dot CTpencaced any ftcute malarial attack dtmng srmal years, and their blood 
oandnationa in thick drops on rh* day of exaounation were oegatiTc. 


Tioaa V 



The resohspren ifl Table Vare InteresuDj wnh rejirdto their reifUoo to href 

damage. It abonld be a eatleo ed ihtf the fire “ nonsal aduhs with Tielt 
maan 8 were cnaemk (averaged 9 100000 aa agamst 43^0,000 in the other riereiL 
adulta) and blood from them iaked fa bile solotioe more readily (^-6 boors as 
against 3*9 hours in adults with VTehmaiin 0 and 7). The fire adaha showed 
ealargetDCnt of the epieen f2 to 8 fingers below the coctsl margm). In four 
of them tbe brer ibo wts enlsrjed. The sen of persoos wrth pilpable or 
enlarged spleens coagulsied u the sixth and serenth tube. In this group, 
and fa ptUenta from Ity pq epdcmic aicaa, the possibility that chrouK proh- 
feraure processes — especodlf of Crer — doe to numerous maiani infecooes msy 
hare contributed to the broadening of tbe coagulation band, cannot be esdnded 
It h, bo w erer obvious that the five adahs with Weitmann 8 were anaenuc, 
and that their blood was dcfioitdjr noore scnsitivt to lysia. 

yftj of comparison be t ween tbe Weitmann Reaction and other fiver 
foDctton tots. Table VI shows results obtafaed fa eJerea B.T and five ^J T 
Ijy ibo \\ ehmann React on, and the Cephahn-cboicstend Floccuhrion 
Test {CJT), a method which haa been widely used to demoostrate bver 
.r. mdartalMlKSgT ef ah. 1944 BtO.VSTEIX and RlTO IWS GOTTMAN 
tt oL 1845 Faroaica sod HoraAuea, 1945). It u dearly seen that tbe resnha 
do not nm parallel, a proJoeged coagolatioo band even being compatible wrth a 
oegstlTc result m the CFT Tberefoee, do ctmdosjTc answer wrth regard 
to the extern to which the change lO the \\eltmaim Reactioo is due to farer 
damage cfn be crpected froen a companacm of both testa. 
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Weltmann 

Reaction 

Total number 
of cases 

Cephalm-cholesterol Flocculation 
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8 


' i ‘ 

1 

1 

i 


For manj years it has been known that acute infectious diseases with high fever show a 
marked drop of serum cholesterol, values bemg re-estabhshed at the time of recovery (Boyd, 
1935) Fairley and Bromfield (1936), who used the method of Myers and Wardell, 
found at the height of malana mfecbon a hypocholestennemia of 113—129 mg per cent 
Their figures for normal people m tropical countries range from 120—200 mg per cent 
Dueour found marked ftfll of total cholesterol m several cases and a lesser fall m mild cases 
of malana Ross, Whitmore and Roe do not confirm this observation (Cit by Fairley ) 
The liver plaja an important role m hpid metabolism, but estimation of total choles- 
terol alone does not reflect metabolic capaaty Thannhausbr, about 20 years ago, 
demonstrated that the estenfication of cholesterol takes place m the liver by means of an 
esterase, and that this estenfication is reduced m cases of Irver damage Change m the 
normal and constant ratio of free to combined cholesterol in healthy persons is therefore 
particularlj significant m the detection of liver damage 

In our malaria patients we examined the free and combined cholesterol, 
according to the method of Allan Kaye (1940) Our figures in normal adults, 
as reported in a study in typhoid fever (Kleeberg and Rosenthal) are very 
similar to those reported by Kaye m subjects from North Amenca 

At the age of 20 to 30, an average of 160 mg per cent (range 125 to 230), 
and at the age of 30 to 40 an average of 175 mg per cent (range 140 to 240), 
were found for total cholesterol, and the ratio of free to estenfied cholesterol 
was 1 2 6 to 1 3 

The normal values of cholesterol vary much according to the* method of 
determination We confine our own discussion to the Allan Kaye figures 
Out of thirty-seven examined cases, twenty-mne showed values below the 
average, and twenty-one showed values below the lowest range of total choles- 
terol m the respective age groups 

In Graphs III and IV (p 564), the total cholesterol and the ester ratio in 
fifteen cases of B T malana and twenty-two cases of M T are compared 
with the results of the Weltmann Reaction Although the majority of malana 
patients show a definite decrease m the ester ratio, there is no correlation 
between the rate of this decrease and the shift to the right of the Weltmann 
Reaction A comparjson of the results of the red blood cell counts, haemolysis 
determination, W R and cholesterol partition (shown in Table VII) indicate 
that there is also no correlation between the rate of decrease of the ester ratio 
and anaemia or the sensitivity of the blood to lysis m bile solution 
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u\TM auiAcc or uujuua 


No dear cotTelattoo betwn (be total chdetterd Ttloea, tnaenua aod 
haemciyft*, could be foimd. Nociit wm the fim to dnw ■tte mt on to the 
coirdatloQ of hj'pcrchcjcttcrmetna aod haemoirtkr »pnptomi m bbckwccr 
ferer He and ht* co-worien fotmd that rabbHa wboae aera had been eiukbcd 
^th cholctttrm, tended to be tesa acnaitive to haeiiKi]jtic aubetancca. Gtuci 
Ott MATTnrtc de RtTjroxD and CoanuuX'e eren used choletteitj as then 
pcutrt means to check haemolytia to mam (Cited by Noarr and Mira, 
1937 ) Fuaur and BixiurtEui trportcd Tcry low raloca In tbeir case* of 
black water ferer A caasathr rdatiombip has not h uamm been prored, and 
Nocht and Matei (1937) state that they bare not alwaja been aWc to cstabhih 
a clear connection between hsemotyacs In inalani and a cheieaterin defickrer 
in the blood. 


Tasli mi 



A group of nine patterns was tcated by tbe CcphaliJi FlocojUbon, the 
Cbolesterol Partition Method and the Wdtmann Reaction. Pathological 
reaulta were obtained m aeren oot of mne pabcnts in these testa. It appears 
tint there exists no corrdatKn between tbe decrease in the eater ratio and the 
intensity of the Cephalin Flocculation, one case with 1 0-3 Choleaterol Parti 
non even bong nefirire m the Cephahn Flocculation Test. Tins is not rery 
surpntinj, btmever coonderinf that ereo in marked impainnent of sosne 
functioo of the Irrer others may be umfistutbed. Thus I>iooa, in discu«k» 
of the study of hepatic function m therapeutic malaria by Famaiacs and 
HoraAtn* (19^5), mentions that they did not obaerre sjpufiant changes in 
pjTtahrctmbin concentration m a groop of fiftr tune pauents tested weekly 

A Tiloe of 6 or 7 m the \\elanann Reaction significa normahty only ifl 
healthy indindaala TTm statement from Weltuccv and tbe patbojopcal 
results of the Cephalin Flocculation, CholestetoJ Partition and haemolysis in 
showing Wehmann 6 and 7 seems to justify the interpretstion of soch 
data ra maUna, at least m a ccrtahi propoetioo of the cases, in the aensc rf s 
shift to tbe right. 

InstructiTT In tha coonectroo a a companion of tbe results of tbe iFdraunn 
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Reaction with another globuhn-flocculation procedure, based on the test intro- 
duced by Chorine The results obtained \\ith both tests m seventy-one 
cases are given below 
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Dilution of scrum in distilled water, 1 30 


The Weltmann Reaction reflects alterations of the serum globulin, the 
formation of which takes place mainly in the hver The Weltmann figures 
indicate, therefore, the state of this liver function This does not mean that 
the W R IS a more reliable liver function test In fact, there are no true liver 
function tests, only specific singular functional tests (Allen) On the other 
hand, it is doubtful whether it is justified to declare Cephahn-cholesterol 
Flocculation more dependable than other tests used to determine globulin 
alterations, giving positive reactions in a similar proportion of cases 

Haemolysis as the only cause of abnormal results m the Weltmann Reaction 
cannot be accepted It is easy to produce in intro a shift to the right by artificial 
haemolysis There is some ground for assuming that rapid haemolysis will 
shift the W R to the right, but it remains unexplained why in malaria these 
changes, if due only to haemolysis, remain unaltered during anti-malanal treat- 
ment which has been found to enhance sensitivity to lysis We should have 
expected a further shift to the right to follow during treatment with quimne, 
but this does not occur The persistence of the Weltmann figures, m penods 
of decreased sensitivity to lysis, 2 to 4 weeks after treatment, indicates, too, 
that haemolysis is certamly not the only factor 

The second reason which w'ould explain the shift of the coagulation band 
is toxic liver damage, conclusively demonstrated in numerous studies on 
hepatic disturbances in induced and naturally acquired malaria 

Chronic proliferative processes can, of course, in acute primary infections, 
be excluded as the factor influencing the shift to the right which appears even 
after shortest duration of illness 

Comparison of the Weltmann Reaction w ith other generally accepted liver 
function tests proves' again the limitations of function tests in general, especially 
if only one determination is made The results of tests of the various functions 
of the liver only render it possible to estimate more accurately the extent of 
existing damage Repeated determinations during the course of the disease 
are obviously of far greater diagnostic and prognostic value than one single 






mut DAUACC n XAIAStU 


dctcTminatiDiL Tbc ODCtaiigrd W R. before »iid ifler tr atiu cit 

that trmmcQt of malarit by qmolfte or raqMcrinc doe* not birolTe *mooi 

danf^ to the tiTer 

^Vc art not indUned to cooclode that protectiTe mexfure* for the brer 
hare to be taken fn erery aingte ca*c of malaria, boi rather to ctreas the import 
aoce of early dagnom aad prompt treatmeoe of the fafectKm, a procedore 
that acena to be of valoe m the prc r cn tioo of diatinbaiice* of the Ifrer ftmetron. 


o ni Oa\re n 

MALMW f. FALafAtVH MALAGA 



O TOTAL (MOUimOL • **TCA AATtO WlimiW UACTtcW 


Thrt ra »een from the reanha of teat* In ow group of rtUpemg B T milin* 
and I* confttmed by Kott and Solomom (IB43) for mdoc^ malaria, n weQ 
as by T.TremroTT «t «/. (I&45) in their Urje-*cale erpenment* on chronk 
rtlapamg H.T malana. Und^ unfaTouiable condittona, auch a* under 
Doamhment, hard lahoor cfatooic imcatinai or lirer draeaae, howtrtr an 
acotc malaria infcctkn may exert a beary itrain on the hrer A tpeciaJ protec 
tire Tiw treatment, beaidea efficient apeofic chemotherapy wiD under tbcae 
coodrtlon* be of great rtloe. 

There are many tropical and coamopoLtin «fi*eiae» which may dinkally 
be nuatakeo for malaria, Bkwd eraminatioo will, of conrae, ip moat ca»e* 
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ProiifcriliNe diiage* am be eiduded u i atue mftueoanj the R. 
beciQ»e eren miAed *hift to the njbl ocemred ^her the •bortot danotort of 
■n tone infetticm. 

Htemoiyw* mott certunljr playi c role m the mechmlim of the WR, m 
ccute malaru- 

Tcroc hrer demge It ertdou la resuha of all appGed fcncUoa i«u. The 
\\ R. aod the Cborme Teat, powtire (a a tig ni fic an t number of acute makm 
ctao, are beacd on cerUm centra gtobohaa. The production of giohuhna taka 
place mainly m the liver and therefore globolm aherittona are iwficatire of 
hver damage . 
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SPLENECTOMY IN THE TROPICS 

By 

A C LOVETT-CAMPBELL, l R c p a s e 
{Formerly Colotnal Medical Service, Nigeria ) 


In the tropics splenectomy is Frequently a formidable operation The 
massive spleen, the resultant displacement of organs and the dense enveloping 
adhesions render safe removal difficult Furthermore, the lowered vitality of 
most patients demands careful pre-operative assessment, the incidence of 
surgical shock, both during and after operation, being high Blood and plasma 
transfusions have appreciably reduced risk in the profoundly anaemic 

Surpnsingly little trauma can rupture a congested malarial spleen, yet 
accident cases compnse only a minonty of splenectomies undertaken in the 
tropics The majority are performed on people reduced to chrome ill health 
by various tropical affections imphcating the spleen The incessant pain and 
discomfort of an enlarged spleen, draggmg on attachments and encroaching on 
neighbouring organs, compel them to seek treatment 

Occasionally large spleens are present m young subjects with hepatic 
cirrhosis, but whether such association bears any causal relationship one with 
the other, as in Bantils disease, is difficult to determine for hepatic cirrhosis 
even in young people is prevalent among the poorly fed classes 

The sickle-tell trait in negroes, characterized by haemolytic mamfestations, 
IS sometimes attended by splenic enlargement In one such case, after splen- 
ectomy, sickling of the red cells was demonstrated in the splenic pulp, together 
with areas of tuberculous caseation, subcapsularly situated 

Miscarriages are frequent through mechanical arrest of the gravid uterus 
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•nurarrmn ur thi noptc* 


Common ciuie* of tropwil flenomog i ly tre miUm, Klnttwomi**}* ind 
lenhmaximU, The Utt camed » mdy eixoutucred m ^\ ctt Africa. 

Before remoriiig tpieem In which mjkm hu contribotcd to 
> coum of aim milami therapy often reduce* «iie ■pprecuhly Domg treat 
ment 1 retrtrtmg •pleen eroke* chaructenitic iggraTitwn of p*m wUch, in fact, 
conaritete* ■ eubjecthv of thcnpcatac resporae. 

Spm*! *n*enbe*u n »»tafi«OT74fl pnerxaUy *n cue*, but, where eairtkKi 
in ctceptioiuJly poor wrpcal ritk* prohibiO it* ii»c tt the necoMjy high Icrd, 
luppIemenUry cydinnl aodKrm nmoumt adequate rdaution. 

In order to gain comfortable Mxe« to a luge apletn. It la nccemry iome. 
tunc*, m addition to a paramedian or rectus apGtting mciiion, to m«v>. an upper 
transrectos inctrion erteading well beyond the literal border of the muadt. 
To tmaxmac ebock when freeing the apleeo a half per cent, norocaine n streamed 
around ita deeper attachmenta. 

Usually the first hnportant intn-abdominal proce d ure in fieemf a non* 
adherent tpken ti to trace and Idenufy the pedicle, whose llgatkn and dimion 
IS facilitated by ramog the organ from na bed. 'IIk of both 

gastrtHspleaic liul Lcno-renal ilgamenis eosum suflicient mobilrty for this 
maooeuTTT, Because tropical ^leeoa art usually so adherent at tbdr con- 
recrtka with the costo-dUphngmatsc penecamun this nunipolatioa h 
impossible untf] adbesicas hero are aepsrated. 

Great care i* Decesstry m dhridlng atuchmenta with noghbouring organa. 
The tall of the psncrcu and greattf curvature of the stomach are UMtally 
densely enveloped atthia compressed ommtsl folds, which ara all firmly 
adber^ to the abuttuig spleen. 

When stanach, pancreas and adjonung coils of gvt are suScicndy freed, 
the deeper adheakau to the splcmc bed rcinam to be dealt wnh. h,ot cnu5 
the duphngmatic surfice of the spleen has been rendered completely -raobOe 
by tbonmgh sepsrstioa of adhesions should any anempt be made to dinde In 
whole the tortttous vessels of the pedkie. Accessible vessels can, of course, be 
safely ligated one by one. but determined search for the whole pe<bde Is too 
haxardoat tt this stage, and should be deferred while the spleen remains fixed 
m the depth of its Only after the spleen baa been rendered eocnpletcly 
mobile can the whole pedtde be identified and safely hgiled. 

Rapid and effectual separatjoo of the adherent spleen from ita bed requires 
considerable resdoticn, but s u r p ri sin gly UtUe bleedmg ever arises from the 
daioded areas. Only pinpcmt haemorrhages occur which are promptly 
controDcd by bot packs before a general ooxe sets In. 

Sep^ntion a beat carried out by thnwtiiig the hand behind the conventy 
and boldly breafciBg down all adbesioos digitally wherever enco u ntered. Tbn 
phase of the openboa probably produce* most shock. 

When an adbewens are frtrd, the spleen w carefully raised from iu bed, 
a watchful eye kept on the large and sometrmes friable pedick, whose 

Idcntificatioo and dmsion now become easy 
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Once satisfied that oozing from the splenic bed has ceased, and that divided 
vessels are securely ligated, the abdomen can safel}' be closed without drainage 

The following case histones exemplify most of these points 

Case 1 

Splenomegaly m an Afncan tm-mining labourer, aged 26, associated m ith 
the Sickle-cell trait, ankylostomiasis and urmarj' schistosomiasis 

History — Nine months pleuntic like pain , general weakness , dyspnoea, 
with oedema of face and legs The spleen was palpable a hand’s breadth below 
the left costal margin Cystoscopy rciealed no gross bilharzial lesions 

Helminthiasis was appropriately treated, and after ten injections of emetine 
the unne was free of terminal spined ova and R B C s 

The erythrocj'te count just before operation rose to 4,920,000 Hb SO 
per cent , C I , 1 08 

Mepacnne and quinine caused no appreciable reti'action of the spleen 

Anaesthesia — Pre-operative morphine sedation, followed by 12 c c spinal 
percaine, supplemented at intervals during operation with intravenous cyclonal 
sodium totalling 10 c c 

Operation — Right paramedian and upper transrectus incisions The 
enlarged spleen was firmly adherent to the costal parietes, particularly at the 
upper pole, where there was dense white scarring of the capsule Adhesions 
were digitally freed, and the spleen raised from its bed A large pedicle was 
clamped segmentally, and ligated close to the hilar surface Recovery was 
uneventful 

Pathology of Spleen — Capsular thickening , marked congestion of pulp 
with sicklmg of R B C Moderate fibrosis of the w'alls of the splenic sinuses 
The malphigian bodies were on the whole well preser\"ed, though the central 
arteries showed degenerative changes, and, m some, the lymphoid tissue also 
showed early degeneration The sickle-cell trait w'as also present, but whether 
the other changes w’ere due to sickle-cell disease it w’as difficult to say 

Case 2 

Chronic splenomegaly in_an African house boy, aged 27 

History — Persistent pain and a feeling of heaviness in the left side aggra- 
vated when running or during any strenuous physical exertion Since childhood 
he had always been aware of a lump in the left side 

Examination disclosed a large multiple notched spleen markedly tender 
on pressure 

Blood shdes were negative for malarial parasites, and there were no bilharzia 
ova in the urine ■ , 

C I operation was 4,460,000 Hb , 65 per cent , 
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■Inoftihma — Pre-opcruiTC morphine fetiathm foDcmcd by (pliul 
percuue 12 co, tupplememed dunng opcnlton «hh cydootl wdium, 

Opermtnm — Left rectu* motcle •pljtting »ik 1 upper trmtrc v t m fajd*»ora. 
The tpleen prciented esulj u tbm were no firm coctil idhcMm. The Urjt 
TMcular pedjdc cootuning a tortuoo* apJemc rein w** quKkk jderuified, 
clamped and It^ed. A maaarre qaadnipled notched apleen was remored. 
TT>e patient was dtsct iarg e d 3 week* after operatiOQ ui cxcenent health. 
PaiMog} of Sptera — Both the itroaa appearance and htstopatboJojiy were 
characterstic of chnolc malana. 


Cjlk a 

Chrome aplcnomegily m an African on-minlnj Uboorer aged 25 

Hutorv — A painful apletuc awellinc of tertra] years duratioo, which in 
the few days before adnussKwi to hoapltal had rapidly enlarged with increasing 
paiO. 

ExMomatMu . — K large teose, pamful and extremely tender spleen was 
palpated. The pauem was afebrile. TbeayttrTcytecoomwasanderiJOfXlOOO 
Hb 55 per cent., and a wet blood preporaiicm showed much Bidding \ whHc 
cell count of 9,200 showed polymorpha 38 per ceitL, lynphocytea 43 per cenu, 
monocytes 1 per cent. eo^ophOa 18 per cent. No malana partaites were 
found m the p e ri pher a l Wood. 

/bu/fiAasa — Pre-operttiee morphine aedauen mas followed hr ipnsal 
percaxne 12 cc. rapplemented dunng operation with laterval doses of cydoosl 
aodiom to a total of 10 cc 

OpertlioiL — A left paramedias rectua Bplrmrif idcutoc. Poruoitt of 
omentnm were adherent to the panctal pentonnun and to the antenor surface 
of the spleen. The transrerse colon was tacked to the lower pole After aeparit 
mg dew costo-dtaphngmatic adbeatona digitally a heavy roughly quadrilitcnl 
ahaped spleen was lifted from its bed where ocmng waa easily controDed. The 
ptt^e seas clamped and doubly bgtted. In handbag the spleen w Kite creaiar 
pus exuded at varHwa points through the tense capsule 

Rceorery was unere ntfu l. and be was discharged from hospitsl a rootub 

Uter 

PatMoiagj Spiftn , — There w*s diffuse fibnau of the pulp with strophv 
of the malphtgian Eiodics som e haemorrhages and wcll-marted tickling of 
R.B.C. A f *»ting oibercnlous area waa also present. 

Cut 4 

Chrome splenomegaly m an ■Ifincan male, aged 17 

Ilalorv — Faflmg bethh and UKreatmg left sided pam of aereral mocahs 
d uiit ron. 

fxmaabon — A tail emaciated youth weighing aly 63 lb with a 
Urge tender spleen. He had a puniknt conjuuctintis and symptoms of acute 
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bacillary dysentery Both were treated Flagellates were present m the stool 
The urine contained casts and albumin, but no ova 

The en,a;hroc}1;e count on admission was 2,610,(XK) Hb , 55 per cent , 
C I , I 0 Owing to his extreme impatience after admission to hospital, and 
his threat to leaae at once unless operated on immediately, splenectomy was 
undertaken only 5 days after admission. 

Anaesthesta — Morphine sedation was followed by spinal percaine 14 c c 

Operation — Left paramedian and bilateral transrectus incisions W'ere 
necessary because of the great sive of the spleen, w’hich was firmly adherent 
to the costo-diaphragmatic peritoneum Adhesion's here were separated digit- 
ally and the lower pole raised The pedicle was clamped segmentally Glucose 
and saline infusions were administered intravenously and rectally on return to 
the ward 

Recover)' was uneventful He failed to report in 6 weeks’ time, as 
requested, but was last seen 3 months later working on a tin-minc, hating 
gained considerable w'eight 

Pathology of Spleen — Except for the markedly thickened and hyaline 
capsule and diffuse thickening of the pulp, there were no special pathological 
changes 


Case 5 

Splenectomy for chronic malarial splenomegaly in a married African 
woman, aged 28, having a history of frequent miscarriages 

Pre-operative mepaenne therapy caused only shght, though definite, splenic 
retraction. A 35 per cent Hb level rose 14 days later to 55 per cent on neo- 
bepatex injections and fcrsolate tablets, and at this stage operation was under- 
taken 

Anaesthesta — Morphine sedation, followed by 13 c c nupercame, 
supplemented during operation with cyclonal sodium in repeated interval 
dosage of 3 c c 

Operation — The abdomen was opened and access gained to the spleen 
by the incisions previously described The anterior surface of the enlarged 
spleen was w'holly covered by adhered omentum, whose division revealed the 
greater curvature of the stomach beneath, closely adherent to the concave 
hilar surface of the obtruding spleen The compressed gastro-splenic ligament 
obscured the tail of thp pancreas In spite of careful clamping of the pedicle 
close to the hilum, a segment of the obscured greater curvature was caught up 
and incised with it, thus opening the stomach The edges of the rent were 
carefully sutured in three layers 

Nine days later the abdominal wound bulged slightly and gave a crepitant 
sensation She coughed and omentum presented through a gap The edges 
were approximated with through and through silkworm sutures m figure of eight 
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fohKm, and •ulphonmide powder tpnnlled on the wotmd. HcaJut^ w»i 
Knmd tnd her rccorcfy w** ercdlent. 

Cm & 

SpleoectofTi) foJkrau^ tnunuUc nipture n *n Afrrom ntdKr tjed 28. 

Ttdt •oldier fell from ■ mllitanr lorry rprtauung mtuH abnncna orrr 
luces sad whst appeared at the time to be alight bmUiag on the left lom. 
He nailed for j tape imaided to the Afncaa hosprtal, and on admmkra «as 
aeeobyanA-MO The pulse was 63 temperature 97^ F ” Slight reatataoce 
o\cr eplgastnmn tenderness orer kft upper abdomen m aplemc area. Seen 
later the same eremog he was comforubic. The pulae had not nacn and. 
recorded hourly throughout the night, the rat Mricd behteen 70 and 90 
dn next momfaig wbrt be a-sa aifll restful, having slept ncfl. At 10 aja^ 
bowercr hit condition suddenJ) changed ahcr drinling about half a pint of 
make grueL lie became dtstrcssed. respkadons were hurried, the al^lmen 
rapidly distended, and ha resturca assumed a dehrdrated appesraoce. He was 
given morphine and brought to the theatre where, owing to the absence thrtngh 
Hlaest of the European theatre ahrter reapotmbility devolved on the African 
theatre ataif ^^lth 2 per cent, pkoocamc hi saline, a biod analgem of the 
antenor abdominal waO was rspidiT done A left paramedian rectus aplntlag 
lodsion ei po se d the posterior abcath. when imrarenou^ cycfonal sodjum wai 
grren. 'Hie abdortitniJ contema were under great pressure, and on Inastag 
the p ent o neum a coosiderible qoantitv of blood escaped The rrmaming blodd 
in the abdominal canty nai aoaled up in large gstize pads shieh, after otntiee 
m a sterQe bowl, was sutOHranafiued through a 50 cc. three wav synnge 
while the operation proc ee ded In thr» way be reemed bad 2 pinta. Access 
to the ajdeen wai rendered casrer by the usual upper tra nire ct u s locmon. The 
large apleea had few paneCal tdheaiona and was c^v removed An mcb-mide 
strand of omentum adhered to its lower pole Tlie pedidc waa partlany tom 
through. A deep gaping tear filled «ilh darl dot traversed the lower third of 
Its c o n v e xi ty to a depth of 3 inches. The tom pedidc) was divided and aecordy 
ligated R«^ itGne was adtnimstercd before return to the ward 

T jtfT n the day owing to hiccotigh. be was placed m the Bemi-wecmnbeot 
poanion, which greatly eased hini 

Fou days Uter tlw eryihrocvte count was 2,5“0n00 Hb., 55 per cenc 
Cl., I-O The unne, coma rung SfJkutotoma hm nu rtoitum ova and R.B.CS, 
was treated over period of 12 days and cleared by emetine 3 graiOJ and 
anthiomaline 23 cc Except foe some irregnlamv of tcmperattire for severs! 
Jays, convalescence was uofntemipted 

It IS dear that the qmesceof phase following oo the actual aplemc rupture 
ended bv ha tai og a meal next morning The consequent gasinc pensukis 
and the drag of a partly filled stomach dislodged dcSs mhJcb for some hours 
bad scaled the aplenrc tear 



A C LOA’FTT-CAMPBFLL 


573 


Cask 7 

Splenectomy 3 days after traumatic rupture of the spleen in an African 
boy aged 7 years 

The boy was brought to hospital at 7 p m by his mother No mention 
was then made of the slight fall he had sustained on his way from school 3 
days previously There w'as no external bruising nor had noticeable symptoms 
occurred until an hour or so before admission, when he suddenly became 
distressed The abdomen was distended Generalized tenderness and rigidity 
had set in Auscultation— a silent abdomen Temperature, 100 8° F Pulse, 
104 Bowel and bladder were functioning normally 

Some days later an observant relative disclosed that the child had com- 
plained of pain in the left flank, aggravated by raising the left arm, and by 
beanng his weight on the left foot 

In the absence of a satisfactory history, exploratory laparotomy was done 
2 hours after admission 

Anaesthesia — Intrathecal percaine 8 c c , supplemented dunng operation 
with cyclonal sodium 5 c c and 4 c c (No morphine premedication ) 

Operation — Right infra-umbilical paramedian incision. Appendix normal 
Intestinal coils were collapsed and streaked with blood No early bowel 
perforation The pelvis contained a quantity of blood Incision was extended 
upwards and a mobile, slightly enlarged spleen palpated Its convex surface 
W'as free from adhesions and here the fingers sank into a boggy, ragged-edged 
depression A transrectus incision brought the whole organ into view The 
hilar surface was obscured by blood clots and by impinging rolled-up omentum 
The pedicle, not easily identifiable, w'as clamped and doubly ligated, bemg first 
put on the stretch by raising the spleen vertically When removed, the smooth 
convex surface showed deep stellate Assuring The hilar surface was also 
fragmented Except for slight enlargement, there was nothing else notable m 
the pathology of the spleen Convalescence and recovery were uneventful 
This and the preceding case well illustrate the quiescent symptomless 
phase that sometimes follows splenic rupture 

SUMhlARY 

The usual causes of tropical splenomegaly in West Africa are mentioned 
Splenectomy as a means of relieving pain and discomfort, and improving 
general health in certam chrome cases, is discussed Pronounced sickling of 
the red cells in two mstances suggests a possible contnbutory role by this trait 
m splemc enlargement among negroes Seven typical case histones serve to 
illustrate pomts m operative procedure The safety of intrathecal analgesia 
in sub-diaphragmatic operations of this nature is worthy of note 
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CORRESPONDENCK 


THE AETIOLOGY OF DESERT SORE. 

To Ifu EAtor Trons^ttons of iht Roytl Socttiy of Trvpwil MeAarw tmd 

S™. 

In criucmng Coknel 8, T Avmxc s paper on ibc tetioiogy of dom kut 
ibe diacuwioo of t m t il mmple technique waj deCbentdy »votded.t tJthoufh 
It WM Indeed fdt thu hu numhen were oo the unal] ride, Howerer rince 
in OsloDcl Ajroxc g reply t be oset the gmidlDeM of hb n^cs to jimify the 
technique adc^ed it mun m the intercgti of icmncy be pointed out tbit 
m fact tho tcchnk]ue offen no ideantage In that reapect orer the one which 
be aatei waa ditcarded. 

In fact tbe only really appropnarc teat of rignificance m luch rdadtely 

(mail fCTKa ai that under ctxradeTatron appeara to be Student a t te^ 

Tbe appDcadon of thb not at all dldicnlc and it u perhaps unfortimatc that 
BaanroaD Hill a Medical StMtatia whkh oempJea nich a tmlquc poririon 
n atatbncal literirure, doc^ not find roocn for it However a moat readable 
and hiciri dncu«»ion wHl be found in The Tteatmenf of CTirucal and I^abora 
tory Data by Profeaaw Dentun MArrLAxn (ODrer and Boyd. 1938). a bocJc 
which b warmly rectanmended to anyone who baa idea of pobJbhing the 
rrwilti of aman^Je reararrhei of any deaenpdon. 

Colraiial Medical ae mce ^ 

Nigeria. J ^ I-*'" »-"• 
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ANNOUNCEMENTS. 


NEXT MEETING OF THE SOCIETY 

The next meeting of the Society will be held at Manson House, 26, Portland 
Place, London, at 7 30 pm on Thursday, 19th February, 1948 Paper on “Pathological 
processes m malaria,” by Professor B G Maegraith and Dr W H H Andrews of the 
Liverpool School of Tropical Medicme 


MOVEMENTS OF FELLOWS 


The following Fellows from abroad have notified the Secretaries that they arc 
temporarily m the British Isles Letters addressed to any of these care of the Royal Society 
of Tropical Mechcine and Hygiene, Manson House, Portland Place, London, W 1, 
can usually be forwarded to the home address 

To ensure the accuracy of this list. Fellows named below are particularly requested 
to advise the Secretaries when they return to their stations abroad 

Al-Abed, H E , Iraq 


Alexander, G L , Gold Coast 
Caffrey, P J , Nigeria 
Chartres, J C , Nigena 
Clark, Mildred, Natal 
Clark, RHP, India. 

Cummins, Lt -Col P H , India 
Davidson, Lt -Col T J , India 
Davies, C W , Kenya 
Davis, D H S , South Africa 
Dick, G W R , Uganda 
Dixon, P , Belgian Congo 
Duggan, A J , Nigeria 
Egwuatu, O S , Nigena 
Field, J W , Malaya 
Foy, Henry, Greece 
Graham-Cumming, G , Hongkong 
Greany, W H , Sudan 
Greening, Major C Ll , India 
Harkness, j W P , Nigena 
Hunter, W , Nigeria, 

Ip, Yee Hongkong 

Kent, Lt -Col P W , India 

Khayatt, Saah, Iraq 

Lindsay, Lt-Col D K Ll , India 


Ling, D T H , Hongkong 
McLeish, a C , India 
Maguire, E H C , India 
Morton, T A , Gold Coast 
Pal, Rajindar, India 
Phillips, C M , N Rhodesia 
Quantrill D W , Nigeria 
RrrcHiE, G L , Tanganyika 
Russell, S F , Assam 
Saunders, G F T , Gold Coast 
ScRiMGEOUR, H , Smgapore 
Smith, Constance B , Malaya 
Smith, Lt -Col M C L , India 
To, S Shiu-Yuen, Hongkong 
Uttley, K H , Hongkong 
Waterman, J , Trmidad 
Watt, Lt -Col George, Gold Coast 
White, T H , Tanganyika 
Wigan, W C , Nyasaland 
Wilkins, E G , India 
Williams, W R , Gold Coast 
Wilson, C J , Kenya. 

Wilson, W A , Uganda 
Wing, W, M , U S A 
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At the mt e tfaic tb* Sodety bdd u Xiamen Hoom on Ilth Dramber IM7 
tha foOowin* nfaie omdidaw w«e e k c la d PrOow* of tbe Sodety — 

Albott AmiEf BJc. (rrej, WLCjaacrg (lond ), r.t.i.c^ Lowlcn. 

DAintm, JottMi S tea Proft^r of CIk»«3 Tropic*! Medlcw U JJL 
Oom, Rok Att* u. (a tKujurw ) 

Ke(t Roan u (loxd ) Laadcn. 

Sloui Thouas B AL uj crjl (cdot ) ScdiUhI. 

Smith, XlraniL H, bjc. (lokd \ M*wk. 

Tntofo, Fat Iu, ax (naxoBCseo) HtaifXot^ 

ViLDt Aam F uj_ (rrocKBOUf) Paedmiidan, Bdfiaa Coofo. 

\\r«o, WnjOM XL, ax, (■urTAJmX *‘-a- (cantax) ma (couaotA), mxjl (wrou 
nomn) U,8jL 


At the lueeim* of the Sockty hatd « Maaon Hoom on ISch Janjary I94S the 
foOmma enfat eaodidatea were eVeted PcDcm of the Sotj ery ■— 

Aiani. E. D wx,,mx(L0 ND) ujlcx.i-icx SainkDcL 
Cnoo Tui Hn, wx, ax (srvBnrtoX HoncXeati 
Oatb DattdH. 9 tLx (<noM X Sooth Africa. 

Dtrm, RoaBET ux, exx (auu-X Kimta. 

OoxiALtx, Lea ux, hls (reoeeX ^cn Indiaa- 
HuoL'Rpt, Waltu Hooct, MX, ax (Lcr«ck.x Mxcx. Lxex Etyp* 
i-aa. RoatKT PcAHOM. uxcTX (DCBanX England. 

WoNO, Yat Uc^ MX,, aj (noMoacoao) aac. (■ua.'iohajX Chan. 


ADKISSrOI TO FElXOWfHI? OP THE lOOTETT 
All RE>*c>iTd n***'*^ and v ete rinar y paaetitMoar* and othert intamad tn adeott/lc 
pufmJ tt rriatioc to tropkal m a rfWn a. wboae qmUcarten* an dcamad MtMjcteey by 
tba OwwH m for deciiaa n FcOo«« of the Sodaty 

Anytne de alitac to beoeana caubdeto for FdJowahJp of ifaa Sodaty rimU oae Ilia 
apackl fcam of a pyikirinn at the cad of tUa jonmaL 

'fbe tsuaal mhacilpcian payable by FaOowa n ooa and half fimat (,CI Mt. 6d > 
wUdi do* fa adranca cn tfaa lat of Apnl of cadi yaar 

Tba TBAJOAcma and tba mu cot Xeab Boox of tba Sodety an poatad rexutarfy 
to anry Fdknr «boaa nj? iafii | Tt> o n ti not fa amar 

Pertbw fafbematfan atay ba obtafaad Croia tba Kon S ae nt ari a a , Manen Kouaa 
a, Poatkftd Pfaea, Loodon, W I j or ftiao tbe Local Saentary of tba datnet 
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NOTICE TO FELLOWS 

As a copy of each number of the Transactions is posted to every Fellow whose 
subscnption is not m arrear, Fellows are particularly requested to notify the Secretaries 
of any change m the address to which their Transactions are to be posted 

When copies of the Transactions are returned by the Post Office marked “Gone 
Away,” “ No Service," or Insufficient Address,” no more copies will be posted to that 
address but they will be retained at Manson House until further instructions are received 


MEDALS AND PRIZES TO BE AWARDED IN 1948 


CHALMERS MEDAL 

At the Council held on 10th April, 1947, it was decided to award m 1948 the three 
outstandmg Chai-Mers Medals, namely, those due m 1941, 1943 and 1945 respectively 

Any Fellow is entitled to make a nomination The proposer shall deposit with the 
Honorary Secretanes of the Society at Manson House, not later than 2Sth F^ruary, 1948, 
a statement which must include the following data 

(а) Date of nominee’s birth * 

(б) A detailed statement of nommee’s claim for consideration, mdicatmg the year 

or years m which any work mentioned was earned out 

(c) A hat of the nominee’s pubbshed papers with dates 

Full particulars are given in the Year Book of the Royal Society of Tropical Medicine 
and Hygiene 


THE CONSULTANTS PRIZE 

The Consultants to the War Office and the Armies m the Field in the late war, have 
presented a sum of money to the R A M C m ordet to found a Consultants Prize, to be 
competed for at intervals of 1 to 3 years 

This prize will be awarded for the first time m 1948 and will be to the value of 25 
gumeas The prize is open to servmg officers of the Royal Army Medical Corps, holdmg 
a regular or a short-service commission 

The first prize will be awarded for an essay of not more than 10,000 y/ords on a 
professional subject, based on the author’s own experiences betiveen 1939 and 1946 It 
IS hoped that these essays will ensure that valuable war expenence which would other- 
wise be lost, will be recorded for future guidance and possibly for pubbcation 

Entries should be sent m through the usual channels, so as to reach the Hon 
Secretary, R A M C Prize Funds Committee, R^ M College, Millbank, London, S W 1 
not later than 1st August, 1948 
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SYMPOSIUM ON LEPROSY. 


PAPER 


RECENT ADVANCES IN THE TREATMENT OF LEPROSY 

BY 

ERNEST MUIR, ci^. md. frcse 


Dunng the last 30 years there ha\c been scores of remedies put forward 
as of use in the treatment of leprosy, generally by doctors WTth little or no 
expenence of the vagaries of the disease 

Leprosy, at least in its severer forms, advances slowly and insidiously 
Like benign tertian malana it has its acute attacks, but in neither disease does 
the subsidence of an aaite attack mean that the patient is any nearer recovery 
Too often the striking clinical improtement accompanying this subsidence in 
leprosy has been credited to some drug whicli happened to- have been given 
at the time One has therefore to be tery careful m estimatmg_the effects of 
any drug in leprosy 

Hydnocarptis Oil Personally, although I have used hydnocarpus oil and 
Its preparations in treating leprosy for the last 30 years, I am not entirely 
persuaded that it has much special effect in leprosy apart from its local counter- 
irritant action on skm lesions when giien mtradermally, and possibly a general 
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cCTmterlmunt effect ubcn girco mtrama«culirly I knerw ihit fodi 
1. ^Icti u regtrded u heteual by wme ot my expcncnced coDeaguev There 
u little doubt ihit leproey t«nei Cnua place to place In lU •erefity and in lu 
amenalnlity to bydnocaipM* matroent In Calcutta I u^ ro get far bener 
reralta than I did In Traudad and perhapt it i* ray cipenencc In the larrcr 
place that ba made me pemnnnic of the effecta of hydnoarpuj n? 

One of the great draabacka in leproay u die inopracticabillty of cairying 
out a properly cootroDcd iherapeatic eipetimcnt I haic tried h often and 
aliraya faded, nor do I know of anyone who hai mcccedcd anr beoer 

For ruch an eiperunent It would be nece^aary to cUminatc all ruhritfiary 
ficton and to •« c**e agalim abaolutely comparable caac, the only difference 
being that one Ij gireo the drug to be tened and the other without knowfag 
It, h gl cn KTtnethlng qtiltc differtnL Bm bowerer alike cadi other the t«o 
caae* may be to begin with, kiog before the prolonged period needed to get 
rtaolu hju puacd. the comparahlbiy of the two caaes wHl hate been changed 
hr bifercurrcnt catne* that hare ooLCOoncetkm with the ex per im ent and thm 
the remits ate rluatcd. 

SoLFfttma. 

Aj compared wuh the doubtful opinloiu about hydoocarpoi nO thm h 
a wide cooaejuia of opinion that we hare now In the rulphemet a i ciite d y 
which h definitely boiefiaaL Whether or net it will be poHfble to rert out 
thor e&cacw In a coauefled erpennwoL aa ha) been proposed b America 
I am doubtful If tfaet were to be done it would probably be neemary to con- 
fine the enntrob m a aepartte btrlturion wltfout any commamcadon wrrfa 
thu)e under tr earrocot for It b acarrelv cotnpatible with human nature for 
Group A of aufferm from leptwr to be In eotitan with Group B and that 
the bner ihould be content to watch the former getring giidoally better 
through nionib) and yean, while they thanaehc) art aOwtd to get ntaddr 
wonc. 

A) far as I can judge, the true entenoo ot the tfficacy of the lolpbooei 
miDt be baaed not oo the uiual fonn of connoUed experiment, bur oa the 
judgment of cipcifenced ipeciabu) who arc capobi f making fairly accu- 
rate progrKwu in typrad caac* of lepnwy A padent In whom the dt^c« baa 
been progre^jing itcadllT for yean btgioa to hnproTC within a few wcA 
of bc^nnlng the tiearmeni. Hi nlcer^ of luortha, or yeara. doratloo quickly 
heal Hia noae. long blocked with cniaa becoroe* dear Hi em defcrwnt 
mg rapally towirda compicte bUndncaa, ha e the diva%t— a ahown by the aik 
bmp and corneal miawope— qukUr aiTe*tcd All the« gh reawm for 
hope but It 1 when after I to 3 Tcara treatment the mar«rre infeciioo m the 
lUn and now gi'cs place to a cooditHm In which hanJE cannot be fotmd, or 
are found onlr with difflniitT that the true alue of the TOlphoon can he 
appreoared. 

Thu I a ptcnirc which I ha e found in not <»e onlr but m almon an 
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the cases that have been under treatment for a sufficient penod of tune I 
consider that if equally good results are obtamed throughout the world (and 
reports received indicate that this may be so) then no further controls are 
necessary m provmg that treatment ivith sulphones is at least a very defimte 
advance 

ORIGIN OF SULPHONE TREATMENT 

The credit for the first use of sulphones m leprosy is due to the workers 
at the "National Leprosarium, CarviUe, Louisiana (Facet et al , 1943, 1946) 
particularly to the late Dr G H Facet (1947) The effects of promm m guinea- 
pigs (Feldman, 1942) m controlhng mberculosis led the Carville workers to use 
this drug in leprosy They found it too toxic to give by the mouth, but given 
intravenously it was tolerated m doses up to 5 grammes a day 

/ CASES TREATED IVITH PROMIN 

The majonty of the patients at Carvdle are advanced cases , and the follow- 
ing results have recently been reported of thirty-eight patients under treat- 
ment for 2 years, the disease is arrested m three , of eighteen treated for 
3 years, arrested in three cases , of forty one, for 4 years, arrested m six , of 
eight, for 5 years, arrested m seven cases Thus it would appear tl^at at least 
in fairly advanced cases prormn takes about 5 years to cause arrest of the 
disease m the majority 

CASES TREATED WITH DIASONE 

In 1944, when m charge of the leprosarium in Tnmdad, I read the pre- 
hmmary report of the Camlle workers, and I tried at once to get a supply of 
promm, but failed at first to do so The Abbott Laboratories, however, ffindly 
sent me a supply of diasone and I, was able to get a number of patients under 
treatment by the middle of 1944 In all my expenence of leprosy I had never 
seen such bad cases Uf the disease as there were in the Tnmdad leprosanum 
I therefore chose, in addition to earher cases, some of the more senous ones . 
patients who were heconung blmd, who were having great trouble with the 
blocking and crusting up of the nose, and were suffenng from large lepro- 
matous ulcers which would not heal I was at first afraid that, like promm, 
diasone might be toxic if given by the mouth, and therefore gave it mtra- 
lenously Later I found that it was well-tolerated by the mouth 

The results m the first cases treated were remarkable ivithm the first 
few weeks (Mura, 1944) the disease subsided m the eyes, and vision improved, 
noses became clear and ulcers healed rapidly PanCnts who had been bed- 
ndden for months with fever uere able to get up and work I was not, how- 
ever, at all sure whether these improvements were due to any specific acaon 
on lepra bacilli or simply to the effect on complicating septic organisms The 
patients themsehes i\ere very much impressed and I was besieged mth 
requests from others to be put on to the treatment roll 

Of one danger I lery soon became aware A patient who had long been 
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cnppW ».rth uktr^ *nd mScrcd from fern- h»d tecor n td quickly njd eogis«i 
in wort After * fcir weeks he bccaiDc npWly woUc »od ibort of bnath tad 
I founi thit he »ai fuHering from tcute ■naemb. with a haemoglobin per 
cenugc of 25 ^Tih large (to«e* of iron by nwuih and Hrcr Injectiom be soon 
recorcred and was able after » few weeks, to continne the dUsooc treatment 
As I left Tnnidad hi Februarr 1W5 I was oo* able to form any definite obserra- 
non OD the dlmlnDtion of the number of lepra badSL 

On retniTung to thb country T was able, ihroogh ibe kmduesa of Abbott 
Labotatone^ and the courtesy of Dr W E. Coonc anl those In charge of the 
Sc Gile^ Hornet to continue trials of diasooe In the Homci aitd eheahere. 
Some of the^ paoents ha\c now been on dlasonc for | yran and without 
excepoon they bare aH shown tadsfactory itoproTctPent Some of them were 
<uffe^g from chronic lepromatoos okn^ and fberr eye inroh c ro ent was going 
on to erwnplne bCndne^c Coiond KiawA** sriTl rrll yea in hrs paper wbat was 
d>e effect of diawioc oo their erts. 

In cases In whkb there was roasn e bacillary infection badlb cannot now 
be found or are found only with tfiJBculty 

/mprocemenl imder ZHasemr 

In adtaaced cases of leprosy Impiot e tucnt under dia*one treatment may 
he dirided into ihree rages — 

1 The cutaneous ulcm beak the nose betomet dear and the acute 
pTOgretoTc coodWoD of the eyes is arrested m a few sretk or monthc 

2. Febrile reacoon and (he appearance of tnnuent nodules gradoaQy 
get less and diappetr and nodules become flarrened in a period ra/ytrg 
from a few months to 1 or yeara 

3 The bacilli become ooHceably Icm until In ’ to 5 year' they are hard 
to find 

rao'trx axd otAao^ TmrATWDcr c« 

Sulphones hare been o'ed for leprtwy much more eaten iicfy In Braril 
than In any other country f had an opponunitT la« Tear of 'ceing soenc of 
the 400 cases that Dr L^riw w Sotxa lJ^u had under nrarroent at the Padre 
Bento Institution, near S|o Paulo. Half of ihe'e were on promJn and half oo 
dlawjnt The fwtirats were photographed, biopsy vcrlom erarmned, and the 
Icpromm test done at frequent totcrrals I was much Impt tsw d by tbe 
impnnctDcnt especially m caris Icpromatnm carea. Dr IjiiAS opinion, after 
treating 200 padenr* with proimn for 2 ▼eare and an equal number with tfiasoDe 
for 1 Tear was tbat of the two drupi dia<one gare qoKier results, ihcrngh be 
did not conrider the period long enouejh to glrc a final dedoon. He found 
that ptacticilly cierr ca«e had improred 

emm •rtrcoTt DcarvaTmat 

More tecenilT two more lolpbone denratl cs bare been under trial proml 
zole (Li-diamino-SriitarolTlphenfl uJphooe) and solpherTrene {frr7a«odjnn>- 
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4 4' (y phenylpropylamino)-diphenyl sulphone a y a' y'-tetrasulphonate] 

Promizole (P D & Co) is given orally, and first reports indicate that it is 
less toxic and quicker in action than promin Sulphetrone (B W & Co ) given 
orally is also proving useful, and early reports indicate that it is less toxic and 
gives quicker results than the earher products Diaminodiphenyl sulphone, the 
nucleus common to all these drugs, has not yet because of its toxicity, been 
used m leprosy to any great extent It will be interestmg to see what effect it 
has, and whedier or not the minimal effective doses are too toxic to be con- 
nnued over a len^hy penod This is m course of being tried out 

Dosage of Sulphones 

A great deal of work has yet to be done before we know ivith any certaintfy 
how best to regulate the dosage Before treatment, fairly advanced lepromatous 
cases tend to suffer from anaemia and from reactive exacerbations (lepra 
reaction) Sulphones tend to increase both these conditions, and even in earher 
cases their toxic effects are sometimes seen in causing anaemia and also some- 
times fever, along with fugitive nodules and other inflammatory swellings It is 
necessary therefore to test the blood before beginning treatment and to give 
full doses of iron if anaemia is present 

As far as I am aware, the nature of this anaemia has not yet been fully 
mvesngated It has been suggested that sulphones interfere with the absorp- 
tion of iron from the gut But if than is so it cannot be the only cause, as is 
shown, for mstance by the very rapid production of anaemia in the case 
mentioned above As in lepromatous leprosy there is frequently a vitamin B 
defiaency, and this defiaency tends at first to be increased by sulphones, it 
IS well to give full doses of yeast as well as iron 

It IS well for patients with anaemia, who are subject to reaction, or are 
in a chronic low febrile state, to begin with small doses, as even small doses 
are effective m improving the patient’s condition and leadmg him up to a 
pomt at which he is gradually able to tolerate larger doses A common begin- 
ning in such cases is 0 3 gramme of diasone, or 0 5 gramme of sulphetrone, 
every second dJy If this is tolerated without ill effects for a week the dose 
IS doubled, and very gradually increased till the patient is tolerating 1 gramme 
of diasone, or 2 grammes of sulphetrone on alternate days' This point may 
be reached ivithin a few weeks, or it may take months Thereafter daily doses 
may be gradually introduced, and then a daily dose of 1 gramme of diasone 
can be gradually increased to 2 grammes, and 2 grammes of sulphetrone to 
3 grammes 

In earlier uncomplicated lepromatous cases the dosage may be increased 
very much more rapidly, as long as frequent examinations weekly or bi-weekly, 
are made for anaemia While it is well if possible to make white and red cell 
counts and estimate the colour index, my own experience so far shows that 
if the initial dosage is carefully regulated on the above lines, the estimation 
of the haemoglobin percentage is sufficient A fall below 70 per cent is an 
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IndtaiUcn to irop the drug md preo Iron giving »l»o If neemary injecoon* 
of Ltct preparadoat. If thU dmplifioooo of eocndal tem b confinued, treat 
roent of Urge numben of pidrata nhh k Cmited mff wtlJ be Toy raueb 
{aabated. 

Febrile reaction and/or the ippcaraarc of inflammatory node*, ihouk) be 
taken ai Indicanotta temporarily ro mipend tieatjncm or dimml h the dov 
the paUent being put on alkalb (•ckEutti h carbonate 1 dram four dmea daily). 

Lnrger doacs than 2 grarmnea of diavme or 3 gramnica of ralphctrtaie 
hate been recommended by aome aothoritle*. It remain yet to be tveralaed 
whether there ruSnent extra benefit m the»e to jumfy the extra of 
tcruc remlti. There li reaton to beDevc that lulphooet concentrate m the 
•km, muccra membrane* and eyea, though I know of no endcnce yet a /o 
whether there 1 high cooceutiadon In the peripbeial nenc*. If it tv found 
that the coocenrradon In theac part* i hlgji while gl'ing only moderate doves 
and that the corveentradoo u noc rooch locrtaaed by Uiger do«ev. then, cfpctv 
aHr In conndeTanon of the kmg treatment moderate dovage may be pr ef ciaMc 
from the point of lew both erf vafetr and f ectmomy 

Oral comfurrrd enth Injetnon ridmtmrlraaron 

In many aayi It U a great adrutage to be able to gtre oral iiutead of 
injecdoo creatmect. While the faith of pnioidre peoplev in Injectienv b toy 
hl^ there are many who g« tired of the rTTumr of the needle in hydnocarpm 
treatment and leare off too aoco. 

“niere V a danger hower e r m free dirmbution to leprory padents in the 
Coioalea, that they may mccerrab to the tempunon to veil abteta la the 
mfukei Inrtead of akmg them themaelrea or ther nuy rrr to treat ihetn- 
•elrei at home perhapv whh dangerouv reaohv. For thu reavon powlbfr an 
oiIt »uvpcnvicn of the drag may be found preferable Thb ha ret to he 
TTted out 

rroo* or acttooc or rwi atrumOTTS. 

^e hare frill no dear eiidenct a* to hem the "ulphcajea act whether 
they kill the haeflU or render them incapable f mulnpCcalJon. The nuern- 
•copic apparence of acld-&c*t haciHi in vmcarv and recikm doev not prove 
whether or not there bacilh re alne A nivptmvion of nodolcv containing 
lepra KaHin may he rtcrniied by beat and injected mto rat and then 
numberv of there badlE. mil add favt fotmd la ih n«uev of the rat after 
18 months ft may therefore be that manr of the and-favt baeilti found fa 
•man from parient* after a rar or m re f alphcoe irctmvent may be dead 
Our hubfllty to culnirc \I\cohtKtm m 1 p v outvide the human hodr fai ct 
uv without condurirc cndcncc on thi point 

Frrx (194fi) h of the oplmon that ulphooev dettror the badlli fa the 
nnghbouThood of apillary blood eweb ihmigb ther pemvt for a longer 
period In (i*nie* more remote from blond r«elv 
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LENGTH OF TREATMENT 

The durauon of treatment is another matter on which eMdence is required 
This may depend to a large extent on whether, as the number of bacilli dirmmsh 
in the body under sulphone treatment, the patient is rendered resistant to 
leprosy This would be indicated by the negative lepromin test, as found in all 
lepromatous cases, becoming positiie There is some evidence, not yet at all 
conclusive, that this does occur in a few cases A report recen ed recently from 
Dr Davet, of the Uzuakoh Leper Settlement in Nigeria, states that of seven- 
teen lepromatous cases under treatment with sulphetrone for 5 to 10 months, 
the lepromin test has changed to positiie in eleven If this result is confirmed 
It might not be necessary to continue treatment after repeated examinations 
over some months had given negative bacteriological results Otherwise it 
would be well to continue treatment, perhaps m diminished doses oier a still 
longer penod This matter requires careful and prolonged observation over 
a period of years before we can have any clear indication 

So far I know of no clear evidence of cases being or becoming sulphone 
resistant, but it will take a much longer time before it can be said whether 
or not such cases do occur 

SULPHONE TREATMENT OF NON LEPROMATOUS CASES 

We ha\e no reliable evidence yet as to the effect of sulphones in tuber 
culoid cases In the ordinary tuberculoid the bacilli are few and the lesions 
chronic, the bacilh being comparatively distant from and shut off from the 
blood vessels Even dead lepra baciUi in]ected into the skm cause lesions like 
the tuberculoid It should therefore not be expected that lesions of this nature 
will heal up quickly under sulphones In more succulent tuberculoid lesions 
containing more baalh and (like those described by Rtrie as occumng in the 
Chinese in Malaya), tending to pass on into the lepromatous type one would 
expect more laluable results wah sulphones 

Prophylactic value of Sulphone Treatment 
Whateier be the ultimate therapeutic effects of sulphone therapy, whether 
complete and lasting cure can be effected in all or m a great majority of 
patients, there seems no doubt that in most cases, whether in 2 or 3 
years or even in a shorter penod, the baciUi in the skin and the mucous 
membrane of the nose diimnish tiU they become difficult or impossible to 
find The presumption therefore is that cases become withm that period less 
and less capable of transmitting infection Also the hope of improvement 
through treatment inspired by the news of other patients should help to break 
down the tendency to concealment .which often has disastrous results in spread- 
ing infection in the farmly and to neighbours and other associates 

Another difficulty that may be lessened is that of providing sufficient 
accommodation for in patients in leprosana, where the average duration of 
residence at present often extends over several years Speeding up the turn- 
over, as patients reco\er or at least change from open to closed cases more 
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npidlj ihoiJd tdd con'idfTsUy to the ariilable •ceopimodatlon Thh hut 
be fnrtber mcicued if It i» foimd that, instead of retafaiing paricna In lepro- 
ttria for the fuU period of rrcamient. the rrdiluaJ penod may be ipem at 
home under due precaudoot. 

The ducmerv of a speafic fonn of treatment hai not ai a mfe been 
effective h\ cootrolUng an epidendc Witne«, for imtance kala-azai in Bengal 
and A aa am . or mal gnant terrian malaria. In theac two dtaeaact, bow e rc r 
an Inaca vector compllcatei the Itnie. In lepnaay on the other hax>d there 
•ccmi little denbt that rraimnltuoo u direct, at leait In the great majorfry of 
caaes It mil be of intereat to ace ubether kpeiwy can be eradicated from a 
dmimwribed endemic area through the agency of rolpbonca — that li to m 
from an area m ahich the cabling public health airangefficna had pmlouilT 
been unable to control the dhcaae. 


Nn3> or PzaaOMm. 

Lartlr I wbh to make it dar that thoogh bpitiay b not aj k role qiorUy 
fatal, and peihapt pm because of Ita low {ac^tr n canaes probably more dh- 
creai ai>d tuffering in the aggregate than any other tTiacaac. So br the ahwnre 
of an ^ecme remedy for the more acrc i e kp rcaua iooa form of the di»caw 
hu dbcourtged peraonnel from oigagmg in and-Ieprovy mork. It b tn be 
hoped that the b^ghter protpecia which ralphooe treatment ha* brought will 
atcnct tocre doaon to ragtge m the campaign agaioM lep icr y 

7^ cnlpbone treatment rtf lepreay ba^ t« thu paper ha* tried to ihtw 
rtued a numher of tnt c ferong and Important qoeattoni which hare to be 
•otred Which I the mo*t effeedre tfonn of Kil^oce ? What it the rrioit 
effcctire and Wan dingcrcra do*agc > Can yet raort effecti c fonw or com- 
bioadons be found ? What i* the actloo of ibev drug* ? Can the low lerbtant 
type be changed into the high re*iwant aj tbown by the lepromin te*t ? 
Wiiat 1 the length of tTcatment and the danger of rebpae ? Doe^ drug^e*i*t 
ance occur and. if fo. can u be t we re n t e d or remedied ? Tbe*e and many 
other problem* await •otudon. It may be that a* wort on cabercuknb led to 
the fir« u*c of ralphone* m leproay further work in leprory cnaT »hed Ucht 
on the therapeutic* of tuberculodt Be that aa it may thb new form of treat 
ment ha* opened up abundant acope for laboratory dinlcal and field in e*lic»- 
tion. and it i to he hoped that •oiken in tTil field niTl not be wanting 
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In Indu Rocuu ind Mm* (1940) found ihit the cye^ mere affected b 
5 to 10 per cent- of ca«ea and In the Out-p*dcn« Departmem. In the Calona 
School of Tropical McdJnnt, where large number* of early c*»r» arc teen, eye 
coTOfiicaiionJ are cmnparautdy uncommon. The low fig mc* for loda are 
due to the large proportktt of mild caae* at>d to the kn conctntradoo <i 
IqjTtny on the face m a dimaic nfacR few clothe^ are worn and coinequemly 
both primary and tecoodarr le^ron* arc more equally dimlbcted o^c^ the 
nh le body 

Id the Alben Vktoi Leper Hospital Calcutta, the tmhor (KiawiN 1911) 
found out of 155 mdoor patient 3<S per cent in Furopean and Angto-Iudiaa 
patients and 20 per cent in Indian paoent^ »bowcd ocubr compDcantiu 
Tbe*e figure* itKlode the eye and it adnexa and the ca«e* acre of long *tind- 
mg duranocL, arying from 5 to 50 yean «ith an aicragc duration of 9 yean 

Nr\T In Kaihmir found ere complkaricm m twenty out of ngbty lepen 
In the State leper a*yliim. De Sdlva (1908) warking m Kam foond 101 ca*t 
of ocalar cotnplKDtioru out of 500 leper*. Pi mluho n (1917) woiV,mg In Hawai 
found 323 at^ of ocular coroplraittoeu icduding the oppendaga out of 363 
ca«e*. Forrr were therefore unafferted Loro m Hatana found that ererr 
ringb ca«e of leptwr ihowed aome lenos of the eye or it* anexa it K*oc part 
of iti coarae )7ooo (1925) tn South Afnca found oenlar complicadon* in woe 
form in nearly aJI ct*e* Crwct (1916) In Nerwar found ooilar mToitetoeat 
in 90 per cent, of panenrt who had lepromatom lenroqr and In 75 per eat. 
wh had the neural type He k of opinion that the Inadence rf oculir 
irmpeom hear* no rebuoo to the duration of the eeneial dlwaae but mar 
come cm at tnr time In t coutre Uhoogh It not found mually onifl 
*evei*] Tear* hare elapsed Haujt (1946) In Panama found ocubr faroirt 
ment m 90 per cent, of leprous panenta rwt Including the adnexa. The 10 per 
cent of ere' free from the dlwaw were found cxriudrelr in recent caw* 


mcrcTWTts or octub centru \TBrs* Hcowtan tx lamr 
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of comed Ity Oner kprons ligophthalmo* li erablbhed it U pemun- 

ent ud wlU not lectUe, but det|dtc the coma being *o much apewe d . It tj 
remarkable how lo many of these caso escape cornea] uleeradoo om a Tery 
prolonged period often eirending Into many years. 

The lachrymal gland may occarionallT be the the of leprtwy but there 
u no diKue of the lachrymal aac or dua peenDar to Icprtxy Chroclc dacro- 
cyidtls ia, hcmcicr rather conunon. b aecoodary to the septic proctas 
present in the no«c and frequently gita rise to pumlcnt conjimctln^ siwt 
blepharitis. 

THE co»(jTOcm A, Emmui Ajen amxaA, 

B^ctSus Uprae has been found In the ojojuncriral secreiKD and in scrap- 
ings from the conjtmctiia in ciialcmDy hcalihr eye< Hspciacinla and coti- 
gesQon of the coojnDctiTa frcqncndy occur These may be difftae or Qmittd 
to a triangle on either ildi of the coma Leprons nodidcs are ncrer found on 
the coojancti\a. The coD]unctl\a, lie the sVan. being an exposed dsruc cm 
be Infected directly or more commonly the Infeed oo speads from the sm 
rounding skin letKm and U transported by athcr the lyraphadcs or the nerres. 
The bad . tl i do not probfcrire In the ccojonctlra, hot ro the epbdenl nisw 
do*e to flic seleTtxomaJ junenoo where the anterior riPary nerves penetrate 
and appear to hare a marked p r e f etes K e for thu ara oq accoont of Its peenHar 
stmerure and podosL '^eDoirisb gelatmoua nodolo appear in thh area 
more tmialiy on the tempotal ssde. They eciend around the lunbua piu d od ng 
a low rampart of granabrxra dtrue and c v eo tna lly obliterate the whole con- 
tour of the Ufflbnv The iaJilcrarion sptrada uto the mperfida] layers of the 
cornea dcsTroring Bowmans me mb rane and produces a •cierariag kcrantK 
An anterior staphtlama of the coma mar result Anaesthesia or hyoaesihesb 
of the coopmeriva occtrrs In the lepromaioc« fonn and % of prat ralne m 
diagnorii as if it b found pce«n It I ■ warning of Impendmg srnous ocular 
lesion 

THE COaST-S 

The cornea i the moit rulneiablc of the ocular tlsma and i cry com 
mooly inrolrrd. All larieoei of keiadtis are seen and can hru be dudfied 
Into ^mary and vcoodary The pnnurr ones compnic fi e gioups — pannus, 
sdcTodng terimis tuperhdal punctate kerauQ deep or mtcrsddal Lcraririv 
and kproma of the cornea. The aecondarr ooes cornpnsc the ulrcratrvc group 
which mar occur in paralrtK lagophthalmos and when there 1 km of seodi 
itT of the coma. 

Partn m In kpfosT b TCTy common and presents Itwif In the form of a 
net. the media of which are composed of uniform I ranching bJnnd cssel 
in conmufistinction to the pannu of trachoma In whkh the new blood vcssdi 



LEPROSY — SHOWING CHARACTERISTIC PANNUS AND SUPERFICIAL PUNCTATE KERATITIS 



LEPROST — SHOWING PLASTIC IRIDO-CA CLITIS WITH MILIARY LFPROMAS ON THE IRIS 
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ire' terrmnal and arranged in the shape of bundles It is seen m aU stages 
:rom early \ asculanzation in the upper third of the cornea to the severe 
;orms in which there is deep vasculanzation as well Grate forms are seen 
rausing a partial or even complete hyper-plastic keratitis 

Leprous sclerosii^ keranos is quite a common occurrence, m which the 
iclerouc coat of the eye appears to invade the cornea It occurs as a band of 
vanable proportions with a very pronounced white colour and neii blood 
\essel formations are either absent or scarce Superficial punctate keratitis is 
probably the most common ocular lesion 'in leprosy, is quite unlike other 
types of superfiaal keratitis and its presence is pathognomonic It usually 
begins at the supenor limbus as a light milky haze, punctuated by tiny white 
spots resembling grains of chalk and varying in ,size These spots are miliary 
lepromas The kerautis is accompanied by superficial \ asculanzation and is 
not a tnie superficial one At the hmbtis it affects the deeper layers, but tends 
to become superficial as it spreads into the centre of the cornea The lower 
margin is delineated by a wavy line above the pupillary centre of the cornea 
so that vision at first is not impaired, but when the keratitis extends over the 
whole cornea the vision ivill be senously and permanently affected 

Interstitial or deep keratitis begins at the penpjiery of the cornea from 
extensions of pre-existmg lesions at the limbus and the episclera With the 
comeal imcroscope the opacities can 'he seen to be composed of small nodular 
infiltrations with new blood vessel formations below' Bowman’s membrane 
in the superficial layer of the substanaa propna and not affecting Descemet’s 
membrane or the comeal endothelium When it is hmited to one sector of 
the cornea, vision is not much affected, but if it invokes the whole of the 
cornea the I’lsion will he permanently lost. 

Another type of interstitial keratms sometimes seen is the degenerative 
circular keratitis that extends around the entire comeal circumference It 
simulates the penpheral annular lipoid infiltration of the comeal stroma so 
commonly seen m elderly people who have lived in the tropics and known as 
arcus semlis The superficial and deep forms of keratitis are often seen in 
combination and are usually bilateral 

A leproma of the cornea is never pnmary, but commences at the limbus 
and in its early growth into the sclera and cornea resembles a pterygium 
camosum or vasculosum It may be solitary and grow' to a large size even 
impidmg the closing of the eyelids It is smooth, reddish m colour and the 
conjunctiva over it is adherent and mildly congested 
; 

the iris Aim THE CILIART BODI 

Second only to the cornea, the ins and the ciliary body are the parts . 
most frequently involved and involvement of these tissues is the commonest 
cause of blindness in leprosy 
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Three types may ippeor — 

(I) MUbry leprom** oo the «atcrior firrfjcc of the iris, usatly tccom 
pamcd by the co-ciifting chingci of superfidal ponctatc kerantU, are the 
most frequent octurreDCt. They are gteyisJi-yellow pednnciilated or flat, phv 
point bodies sesttered Irrcpilariy on the ins and on the exudates oo the 
antenor fens capsule. They arc diaractcrisdc and pathognomonic of leprosy 
and are liable to be o eriooked tmlen the eye Is examined nith the coroea] 
microsfupe. The signs of plasoc Ltido-cyclitu are often present as well — 
keradde prcdpitatei on the whdle of the corneal endothchom, exudates on 
the anterior lens capsule, irregularity of the puptb and poinrs of posterior 
syncchue. All the gra cr manifcitadoiis of Irido-cychds may he obierred— 
posterior syneduae snth sedoslon and ocduslco of the puplL secondary 
glaucnma, rirreous and lens opaanea. byporoulon rrrinal deiadiment and 
atrophy of the eyeball In the early stages the eye b reladrely qiact and the 
only symptom n the gradually decreasing tsual acuity 

(7) Nodular Icpromas are much ctanmoo. They are rcDcmuh In 
colour glohular somedmet Sanened, generally iwriared. assume ranildc 
dlmendani and hare no fixed site. 

(3) An acute dlfftrse plasnc irido< 7 djds U not rny common and h 
stmQar to the ofdhury rvoowpedfic acute irldo-cytUds- It mar occur due to the 
lepra reacdon bi the eye and may be unHateral or Hlatml It is acetxnpanM 
by s e re i e pam. Uchrymadoa phosephofaia drcnmcomeal In^ecnon, erreBsiTe 
ponenor srncehue at^ exudations mio the popil and rreous body It rntnUy 
results in a considerable lo« of rbioo. 

In all ranetKi of trM>cydiiK atrophv of the ins is found prrwtit in 
varying degrees. The whole nww graduaJlT becomes dull and gret the 
crypts disappear the blood re*sc b become irible and finally hole^ make therr 
appearance. 

LxsKera or mx posrzaxow beostent 

Although ocular leprosy U chaiartrrlsncaDy a cfi«cajc of the antenor 
segment of the eye riierc Is no doubt that lesion of the poncrior segment 
bdund the ora serrata do occauonally occur m grave ocular lesions by direct 
spread from the epuedera, Gmbus. Ins dliaiy body antenor choroMl, ora 
semta and backwards. This has been proved by hrstopathological ctamiration 

there k no anaiomKal or phynologKal reason why lesion should not 
occur The wotader is that they are not more frequcntlv obwvcd Ca^es ha e 
been reponed m nhidi lesons such as cborntd t ha c been obwrvcd hr 
opbthalmcwcopy bcfoce the antetsor segment of the ere has beenroc bi ol cd 
Also mvolvemcnt of the opoe nerves has been found a an eariv and only dgn 
of ocular leprosy At the same rime it raov be rtmembered that BsaU 
Lrpw ha never been found in the choroid In histological rtambation and 
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It IS possible that the choroiditis and opuc nerve lesions may he due to other 
concomitant causes such as syphihs or tuberculosis Personally I have never 
seen by ophthalmoscopic exammation a lesion m the fundus hehmd the ora 
serrata which I considered to be due to leprosy 

PATHOGENESIS OF EYE LESIONS 

The portal of entry for ocular mvasion m leprosy is still m dispute The 
evogenous passage is probably the most common one m which the bacdli are 
transported from the lepromata or maculae on the face to the conjunctiva, 
episclera and antenor segment of the eyeball There are, however, pomts in 
favour of the endogenous passage m which the uveal tract is first affected, 
begmnmg in the angle of the ms and spreadmg m front to the ins, inwards 
to the ciliary body, backwards to the choroid, and outwards to the sclero- 
comeal hmhus 

Trej\tment of Leprosy of the Eye 

In leprosy, tlie loss of nsion is caused by changes m the cornea and 
plasuc mdo-cyclms Treatment is fraught with disappointment except m the 
early cases, but even m the grave cases much can be done to delay the onset 
of blindness The general treatment is of primary importance, but I shall 
here only discuss the local treatment 

Care should be taken to protect the eye from trauma This is best carried 
out by tbe weanng of unted glasses Pannus is best treated by pentomy and 
helps to prevent the spread of comeal opacificauon Lepromas at the limbus 
are amenable to local therapy unless the process has penetrated too far into 
the eye The usual treatment of these consists in surgical measures, the applica- 
Uon of solid carbon dioxide and diathermy, but probably the best treatment 
IS irradiauon by the Grenz rays The most effective doses apphed at one 
situng are from 700 to L200 r, the total amount varying from 5,500 to 1 1,600 r 
No damage to the cornea, lens, or deeper structures of the eye results from 
these exposures Subconjunctival medicanon has been mdely employed, but 
in my experience it is of very httle use 

For corneal ulcerrtion in lagophthalmos a tarsorrhaphy must not be 
delayed As soon as the ms becomes involved the pupil must be kept dilated 
witli 1 per cent atropine drops Pattents often suffer from atropine irritation, 
so It must be used mth discreuon or can be replaced by A per cent hyoscme 
drops Unfortunately many of the patients one sees shon the ms bound doum 
by posterior sjmechiae, the pupil small and filled with exudate so that atropine 
is of little use If the pupil refuses to dilate suffiaently or if secondary glaucoma 
occurs a broad mdectomy should be done The ileproiis eye, despite the 
chronic inflammation, stands surgery very well For muco-purulcnt con- 
junctnitis and inflammation of the eyelids peniallin drops 2 500 units per 
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ml and ocnikorum pcnifilliB IJJQO anil per gramme are exernem For 
chronic dacrocyititK ihc Uchmnal *»c ibould be rtracned. 


SCMMUIT 

The ocular cotnpCcaaooi of IqnrtMy are the moit »erwui k*lon» In t he 
dijea«c and occur in a tcry high pcrcentagt of ca»e». Lqjrwj one of the 
great caiuet of brindncaa hi the worid. I aooW make a pica that e^err lepro- 
login ihooU hate a knowledge of ophthalrnologr The iDt lamp with the 
corneal mlcrovrope and the eJettric opbihahnovope are mdr^pen^able in the 
early dugooaa and recognition of the irpc of ocular Icproay and » ctciy 
IcpTO'anum tboold be prtrtkJed with th« ankles of et ^itlpni ent aod the 
medical officer fn charge should bate a knowledge of ihrir tne. 


IIWndl^M. Lotden 
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THREE CASES OF LEPROSY TREATED WITH 
^ DIASONE 

BY 

A R D ADAMS, m d , mji c p 
Liverpool School of Tropical Medtcme 


Among a number of cases of leprosy I have seen durmg the last dozen 
years, three have remamed under my close personal supervision to date All 
are open lepromatous cases of the disease Two attend regularly as out- 
patients, and the third is m hospital These three patients hare been treated 
ivith diasone, and are the subject of this commumcation 

Until very recently diasone has been extremely difficult to obtam m this 
country I was indebted to Dr Mum for my earhest supply , subsequently I 
■was able to get a limited quantity gratuitously from the makers m the United 
States , and only very recently has a peimit been granted to import the drug 
into the United Kingdom 

The dosage of diasone selected uas based on the observanons by Petxer 
and Prenzlau (1944), who considered 1 gramme of the drug by the mouth 
daily to be an adequate dose With this they obtained blood levels of from 
1 5 to 2 mg per cent (calculated as diasone), they did not obtain a propor- 
tionate increase in the blood levels on increasing the dosage beyond this pomt 
Facet and Poggf (1945) with a dosage of 1 gramme of diasone daily reported 
the appearance of to-sre manifestations, of which haematuna, gastritis or a 
haemolytic anaemia n ere the most prevalent , these in some cases called 
for a suspension of treatment It uas found that a gradual build-up to this 
level of dosage mer a penod of some weeks reduced the inadence of to'uc 
side effects and enabled tolerance to the drug to be estabbshed Cochrane 
(1947), in a letter to the British Medical Journal, states that diasone, “in the 
dosage recommended,” is icry liable to precipitate lepra rcacDon, often 
cYtrcmclv scierc He found it impossible to maintain adequate blood levels 
(‘ 5 mg per cent *) with this drug Cochrane found sulphetrone to be the 
least toMC of the snlpbones and a preparation watb which satisf.actorv blood 
levels could be obtained 

In ni) cases the dosage of diasone was raised over a period of 3 or 4 weeks 
to 0 3 gramme bv the mouth tbnee daily Iron was given concurrently 
throughout the cour«e of treatment A close watch was kept on the blood 
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pKturt ind »hai the haemoglobin fell below 80 per cent. Um Injectkna 
were gi'cn. There were temporary and mrul digeiti\e di mrbance* In one 
ai'« only the cau»e of ahich wai dogbtfui The mioc^ were examined 
regularly throughout treatment, but no aboonnabtie* were found. There wat 
no evidence of lepra retedoo In any of thoe ca«> and the gen e ral health hai 
remained good, and indeed htu improved to date. The pvycholegical benebt 
denved fr^ the ueairtreut ha* bmi remartaHe and all three patient* are 
convinced they are ImproviDg 


Cum A. 

An Engflthman who had cootrmcied feproay pvobabiy in Malaya, where 
he had been treated aincc IWI In a leper »enlcm«t. When I nw him in 1942 
he had a nnmber of tnaculet on the mink and hjnb*. He wa* tr eated with 
chauliTKwgra derivaOTe* by Intiadtrmal mfiltradon for a period of 3 yean 
without edrrioo* benefit. Daring thi* rime hii condldoo neaddy detcilorncd 
artd there waa a Ceady erteimoQ of the »Un ksioeii. By early 1947 he had lery 
niHneroui, exietuire and Bamboyuu macutar Irdom and tome nodule* over 
the whole of the body and he bad developed an early leonine countenance. 
He had a ittarkcd cnojonctmts* of both eye*. 

In Apnl 194 he wu pot os rflaaone, and tl^ ha been RmiJnDed to dare 
W ithiB 6 week of beginmog <tia*ooe rreatmest there «a objective improve 
ment in the le*loa and the conjoocn lO had deartd Within aaoiber 2 
mostht the fadaj appearaoee bad renmtrd to noma) Manr of the more 
recent and mullet maoile* on the body had aniabed. The older and more 
otrenrive Imcot, ihoogh fdll erideot were eotnidcrably prominent and 
the codolei were imaJkr Thu objeto e improvtTDeor ha been nutained 
and, although there are iriD many macule' to he 'em oo the trunk and the 
hmb^ ther appear to be farther leiiugiiiung 

At tfac commencement of dia«ooe ucawiexit Jo April, 19+7 very nnmemif' 
orginl«m could be recovc i e d from all the lewons. and from the face In 
December 8 month' later rficre mere itni proit number* of organlvm to be 
found in ali area Many hadlb cooW he found in the apparently normal 
kin of the face. 

CvnB 

Thu man an Engllvlunan mas marine engineer 'rning m a vev'd 
trading around tfac coast* of Iixiia He 'tace' that be never li ed a»hore In tfac 
E«t. I fim raw him in 1936 and found hhn to he ruffcring from IcprTvy 
At that tunc he had a few leprotnatou' macule' oo the face on the che*t 
and oo the annv There mere also 'em erv eaHy 'cidodarr neural change' 
In the hand andtbefeer He ma' treated mlth -eveial course' of Reensttema » 
tCTXim over a penod of 2 year* mithout obviou benefit Subw|utntlT be had 
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whiie akmg 09 gmnme dinooe dally ThcK were found to nnge fnw 
J-O ag. per cent, to 2 2 zztg per cesL (akuljittd n diatooe). at nuiou* dme 
whDe on thu dcwgt. About a third trf the drug talcen ctwld be rr eo r ertt. 
from a 2-^hoar ipcamen o{ onoe. 


ScoiMAAr AMI> CaMCLtmKBTS. 

In gcrjettl term*, therefore, treatment with tflaanw of thcae three oiei 
of rapidly p rog r eotre kpromatous Wpioay would appear to hare catwed miAec 
retrc^re^on of the ikln lohm dtou^ it hu not remlted, as yet. In any obriooi 
dimininloD m the number of IxicflU in the affected lUn areas. That hart 
been no groai toxic tide effects attending the ose of the dmg and there hai 
been no erldeocc of aedratkn of the diiirtte. in the form of lepfa icactioQ. 

In coochisMD. may I direct arrendoo to the Umcotable lack of atnenicia 
for dealing with persotu r uff e iin g from Iqjrosy m thb country Apart frOD 
ooe imall Itmlturum in dse South of England no hotpltal will w^ogly or 
knowingly admit a c»« of leprosy Cases that I hare seen srith few cxccptioos, 
ha%e been hotpitaUred for turgid or other treatment on my personal respoo- 
aihiCty only by concealment of the djagncaii. The cxccpriooi ^re been afioii 
notified to (he load aathoHty These aotboritlet, after faillsg to peas the 
patknn <n to aome other body hare feaefUy L a u iceratcd the in^doah 
under Hgorota deteadoo m boUdoc, srbether this Is secessaty or not with- 
out the benefit of ei pert foperriaioQ or tieatinent In seme cases aoidde, or 
death from despair hio to my personal knowledge resulted frran such nKSsnres 
during the last few years b the Nonb of England It u barcDy to be woodeted 
at that ccoceahnent h practised hr padeot and by djcrw ahke It I high 
time a more hamane and enfigh^'twd amnide b regard to le p ro s y ibould 
obeain b this country faoBtJO for hosphalizadoD under p ro per ikilied atten- 
tioQ should at lei*t be aTaflabte srben needed to tbo»e ruffobg from the 
disease 
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Discussion 

Tli6 President (Sir Philip Manson - Bahr) said they had heard and 
appreaated three papers on leprosy, presenting an aspect of the disease which 
few of those present had so far realized All three papers were of very high 
standard and, so far as he knew, nothing hke them had appeared in the 
hterature of any country All present would sympathize with Dr Adams’s 
experiences, and everybody in this country 'who had treated leprosy would 
agree with him He, himself, had seen similar tragedies m his practice in 
London in years gone by The pubhc attitude towards this disease was 
deplorable The fact of leprosy bemg regarded with such horror by the people 
of this country was one of the results of our early upbringing The meeting 
was fortunate in havmg General MacArthur to speak now on this aspect 
of the subject 

Lieut -General Sir Wilham Mac Arthur gave an mterestmg account of the 
many misconceptions which had ansen regarding the incidence of leprosy 
both in this country and elsewhere in mediaeval and even m Bibhcal times 
He showed how these were largely attributable to the too hteral interpretation 
of words which in early days had a wider and more general application than 
they now have 

Dr W E Cooke I have httle to add to the very excellent papers we 
have had tomght, but I have had the very good fortune to see the results of the 
diasone treatment of patients at the 5t Giles’ Homes When Dr Mum came 
back from Tnmdad we had only one or two persons who were unwilling to 
take the drug , but, seeing how the others progressed, eventually, every patient 
wanted it I congratulate Dr Mum on the results, and I am prepared to 
substantiate what he has said about our patients m the Homes 

We have been fortunate m gettmg Colonel Kirwan’s help When I 
heard he had come back to work in London I invited him to come to the Homes 
to see our patients The majonty have eye lesions and some are blind This, 
I beheve, could have been avoided had they been seen sooner by an ophthalmo- 
logist, expert m leprosy of the eye Under Colonel Kirwan’s care their eye 
conditions have improved and the sight of some has been saved 

We have an average of ten to twelve patients m the Homes, and since 
we began the diasone treatment we have been able to allow four patients to 
leave the Homes and report periodically for observation Four patients so 
discharged in 2-^ years is a good average out of the small number we have 
Among these patients is one who had objected strongly to takmg the diasone 
I would hke to support Dr Adams’s observations about the need of more 
accommodation for lepers in this country More o^ these unfortunate people 



arc commg here hanog tcqmrcd the dieetse probably as the rauk of too long 
roJdeoce m the Eert imda wtr cotKhtion*, bat one factor that bring* them 
h that Icproay la not notifiable m thn country Doring the last 2 or 3 yem I 
bare seen at least a doaen of these patient* and our accooimodatiao at the Home* 
ts inadeqoxte for such namben. We admh them at toon aj po*«Ue but oor 
beds are full now and I know there are aococ patient* in the offing *re vrmld 
like to take. 

tuffer from ooe dl*ab9rty the 8t. G3e* Home* are not a boapitaL 
The two local doctora who attend the Home* do eaceOmt work, nobly anpported 
by the norting ttiten of the Conuniuuty of the Sacred Paaaion, but they 
cannot carry out full bosphal treatmenta. The Homes were originally opened 
a* a refage for these patients, not as a hospital and owmg to vinous faetdts I 
do not consider they are amtable to be transformed Into a hotprtil in the 
future. 

e dtf not admh aliens, and thn also has been a difficulty bat here the 
Seamen ■ Hospital Society hat come to the rescue of tome of these alien patients 
by admitting them to one or other of the hospitals in their group but othen 
have been left to shift for tbemtetres. The time has come when leprosy tboold 
be notifiable, and the Gervemment should instmitc a place where these anfor 
tonate people could be kept under aupemtion and be pr o p erty treated. 

Dr 0 BrawnlM I wd eo me the opportunity to add tentethlng to thtt 
discussion of tbe chemotherapy of leprosy My ct ce e ro is with the pharnta- 
eology and therapeutics of tulpbetrocie, and I hm been very much imcKsted 
by Dr Men » remarks on the anaemia caoaed by ihla drug 

We hare recogruzed in pharmacological stodiea of sulpbexrooe three 
distinct tnicnuas m the experlnienla] animal, and m man. The obserratioos 
are recorded m a paper at p r e se nt m the prcaa. Althcugh sppUed specifically 
to sulpbetToae, the ohserrationa are probably applicable to promin and ditwme, 
Pirst, there a a hypochromic anaemia, due to tbe capacity of lulpbetroTK to 
combine with aiunemary Iron ft ha* been demoutrat^ that tbe itoq compler 
made by "Mr M H Ga.tT is not absorbed. Secondly th«e it t notnuonal 
anaemia which arises m an interesting may It can b« shown m the eipcri 
mental tmmal and man that tulphetrooe markedly modifio the bacterial flewa 
of the gut. An fanmedttle effect in the animal, and by dose analogy and some 
allied work, m man u to cot down tbe biosyntheau of nUmina of the B-complea 
group. The nutntioiul tnaama whkh reauka may be prerented, or cured by 
the admmittratioQ of a suitable yeast preparatioti. It is mieresting to mac, 
in thi* cooncction, that toxic bkiod Irreb of sulphrtront erentually result m 
lnterf«oce with tbe oxygco-caTTyinc capacity of tbe red ctH* when h t* 
remembered that nicotinamide krumn t be produced by biosyntbeai*, enter* 
into the composition of the coenzymea nvolred. 

BwwxLH, C GaasN A- F & Wooosis*, %L (IMa) (In p«** ) ^ 7 
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The discovery that yeast prevents one type of anaemia due to sulphone 
therapy has also been made by workers in America with both promin and 
diasone, but I think this is the first time it has been put on a sound experimental 
basis 

Even when sulphetrone is administered simultaneously with iron and yeast, 
there is a residual haemol3rtic anaemia which is associated with a red cell 
fragility It is always present and may be large enough to reduce the haemo- 
globin concentration to the equivalent of 60 per cent (Haldane) in patients 
with blood sulphetrone concentrations of 7 5 to 10 mg per 100 ml After 
5 years’ experience of treating tuberculous patients with sulphetrone, we have 
to confess that we are no longer piuc^ concerned with this resistant haemolytic 
anaemia It appears to stabihze at about 60 per cent Indeed the red cell 
fragdity has an interestmg effect In tuberculous patients the production of 
primitive fed cells is depressed so that the ratio of primitive reds to whites 
IS abnormal , under sulphetrone therapy the production of primitive reds is 
stimulated so that the ratio again becomes normal As may be inferred from 
the foregoing observation, sulphetrone has no demonstrable effect on white 
cells 

There is a second aspect of Dr Muir’s review on which I should like to 
comment , this is dosage In the treatment of tuberculosis we have adopted 
a higher dose-level than has been advocated for leprosy Indeed, the dose has 
been the highest tolerated level of about 10 mg per 100 ml I appreciate and 
approve his caution and reahze the difficulty, peculiar to his patients, of lepromin 
reactions The approach in tuberculosis was by way of the effective blood 
concentration in experimental infected ammals, and then to the highest tolerated 
dose in man This expenmental approach is denied us in leprosy and caution 
IS justified However, I have an uneasy feeling that the dose levels may prove 
to be rather lower than they might have been It may be that experience with 
previous, mofe toxic, sulphones is to some extent responsible 

Mention has been made of acquired drug-resistance of Hansen’s baciUus , 
this possibihty is always associated in the mind of the experimental worker 
with inadequate concentrations It is a constant fear in chemotherapy that 
one IS using a sub-optimal dose and it is a point that must have occurred to many 
of us in connection ivith the low doses named today Development of resist- 
ance to M tubeTciilosis has been recorded with sulphetrone after a year’s 
continuous therapy, but it has not become a problem 

I think. Sir, that these are the main points that occurred to me when the 
two speakers were referring to these drugs May I thank you again for giving 
me the privilege of speaking 

Dr C C Chestennan On my first leave from the Congo I visited our old 
family physician, and told him that up to 5 per cent of the people there were 
lepers and that we ought to do something about it He replied, “ You’ll never 
cure leprosy , it is taken as a type of sin in the Bible ” In defence of the 
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Old Book, I would rtfoark tbit It contaioa moch wfaicfa a i wtrajoj of whit 
not to bdirve u wdl ts what to bdierc. 

I had the pnrfleije of being In Nigeria !8 roomhi ago when Dr Datit 
made the /rnt eraluation o£ dtuonc treatment and it wai ■fTvrrmj to tee the 
intereit, ecthoiiaara and new hope generated. Six montha ago I was In 
CarviDe, near New Odeam, and 1 taw the leproaanum there and learnt the 
•tory of bow Dr Eaict* 0 ’>f brought hack the bacon." The reference wti 
to the CcnlennjaJ Meeting of the Amaican Medical Amoeittion, In which the 
Carrille exhjbh of the reiult of the nitphancdruga was awarded the ufrermedaL 
The whole camp wn thrilled by the report and the outlook captiyated the 
community They were very anaioua to get nd of tegrcgatKin now there wai 
hope of curing kproay It thcrald not be regarded ta wane than tuberculcmt. 
Now there it to be no nxire need for voluntary gifta to finance our boapitah, 
OQC object of chanty tmght be the prcmaion of mi^n« for the care of lepera. 

Blr W H Ony I can add a brief btctoncal note. Not all the nlphoaea 
that bare been mentiaoed tamght are denratfrea of 4 4 >diamioodipbenylsul* 
phone, but that waa the finrt to be broogtn mo trial m anribadcnal 
chemotherapy It had been known, Uke tolphanllimide long before — by a 
comckLeoce although in quae unrelated fidda, the two were fim laolated in 
the aame year — but in 1937 In the early dap of aulphonaottde therapy it wa* 
obtained ta a by prodoct in rulphamJanude tnan^acture at the Welieone 
Chemical of ki * aM found to be very much more active than vulphamUmide 
Bgaintt experltnetRal bactenal infectiona in isKe. 

Unfortunately it waa tiao a good deal more tme, and Dr Hear and I 
took over the talk of detoxicating l, and were able to pre p are derintnrea of 
much lower t oxha ty induding the anlpbonaie now known as aulphelroae 
(^cUcofite Fotmdatkai, Ltd., Henry and Gray Bntub Patent 491,285). 

Dr E Motr I would like to expreaa my appreciation of Coiond Kiaw 
paper and the ttluable work be it doing on the eyes m leproey I muat also 
»Tpr .-M my ppreoalion of the reraarti of Genera) Mac Aanruu I think be 
has done a great deal to remove the anupprehenaions and false ideas that so 
many people hare wflh regard to leprasv I would like to emphasise again 
what Dr Adamj aaid about the need of more aecommodatioo for people with 
leprosy In this countrr Even this bat rear there ha x been far more people 
wrth leprosy found o this country coming from the tropica than ever before 
in my experience, and I think the matter is becoming more and more uigent 
ex err day Dr Bxow^LM a remarks on the anaemias was of very great value 
to the ifiscusston also what be aaid about dotage I would Uke to exprem 
my thanks to tbe various cectnbetors to the dis cussi on. 

Buma, G A. H, Sr tn u.’eso.x Do«.\. Swmt, 8 Daw vo, T k Form. O E 
(1937). Lwwrt 1 1331 
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Colonel E W O’G Kirwan There are no questions for me to answer 
I think It IS not generally known that leprosy is one of the great causes of per- 
manent blindness Much could be done to prevent that blindness if we could 
only treat the disease early and in favourable surroundings 

f 

Dr A R D Adams I have nothing to add, except to stress that there 
should be adequate provision for persons suffenng from leprosy in this country 
We do not know what number of cases of leprosy there are in Great Britain 
I saw the figure 250 in prmt some years ago, but this is a pure guess, and there 
may be either 50 or 250 Whatever the number was at that time, I think it 
very probable that it has doubled within the last few years for the reasons 
suggested by Dr Muir 

The President There remains httle for me to say except that I should 
like to see something concrete come out of the various expressions of opinion 
made known to us tonight Dr Adams, Colonel Kirwan and Dr Muir all 
advocated the necessity of a more sane attitude towards this disease On three 
occasions m my life 1 have been present with Dr MacLeod when a direct 
approach was made to the Ministry of Health, trying to mduce them to make 
some public statement about it, or provide a hospital or part of a hospital where 
these cases could be sent I have seen a good many m my consulting room 
Some were in high ranks of society wandering about London Another was 
a man who ran an ice-cream shop and sold it openly His was a ternble case 
with numerous nodules in his sbn, and exuding bacilli from his nose But 
nothing can be done, because directly you try to do anythmg you get yourself 
and the patient into trouble You are in duty bound m charge of your patient 
and ha\e to protect him from the publicity to which he might be exposed Is 
It possible that \ie could send some recommendation to the ^Ministry of Health 
under this new scheme that we are now about to see ^ We might recommend 
that some hospital, or part of a hospital m London, should be set aside for the 
treatment of leprosy, as \\c now know that the outlook is more hopeful than 
eicr before Mam years ago at the Albert Dock Hospital, in Manson’s day, 
there w^as an annexe into w'hich lepers were put There was somewhere to 
send patients and know thev would get s} mpathetic treatment from the sisters 
and doctors who dealt with the disease but nothing of the sort has been 
aiailablc since the Albert Dock Hospital was given up as a centre for tropical 
medicine in 1928 Could not Dr IHunt get together some public men who 
would stress this point with the Goiemment of the da\ ’ 
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THE DEVELOPMENTAL CYCLE OF HEPATOCYSTES 
{PLASMODIUM) KOCHI IN THE MONKEY HOST 

BY 

P C C GARNHAM,* 

London School of Hygiene and Tropical Medtcme 


INTRODUCTION 

A brief descnption (Garnham, 1947) has been given of the mature 
schizogomc stage of Plasniodmm kochi The present paper completes the stiidy 
and gives an account of the full cycle of the parasite in the liver 

It 18 not proposed to discuss here the literature regarding P kocht which, in spite 
of the clanfication achieved by Sinton and Mulligan (1932 and 1933), and by Hawking 
and Hunt (1947), stiU remains confused The former authors define kocht m the 
following terms — 

1 It IS the most usual Plasmodum found in the blood of monkeys of the genus 
Cercopithecus and also m Papw 

2 It has httle pathogenicity 

3 Gametocytes are the commonest forms in the penpheral blood 

4 Schizogony appears to take place in the internal organs i 

5 There is no enlargement or sUpplmg of the infected cells 

6 Gametocytes lie free in the plasma Their nuclei are large, vesicular, and 
poorl> stammg with compact chromatin 

7 Transmission of the infection to clean ammals is unsuccessful 


•This in\-estigation was earned out bj means of a grant from the Medical Research 
Council, in accommodation kindlv pro\ ided b\ Professor H E Shortt in the Department 
of Parasitologj , London School of Hjgiene and Tropical Medicine The author is much 
indebted to Professor Shortt, Dr C M Wenyon and Dr C A Hoare for adnee and 
criticism in regard to the interpretation of the developmental stages of this parasite and to 
Its sj'stcmatic position He also gratefulK acknowledges the help of his late colleagues at 
the Medical Research Laboratorv, Nairobi, in the earlier stages of the enquiry Dr F 
Haw'KING \en kindU placed at the author’s disposal facihties and kocht material m the 
National Institute of Medical Research, Hampstead Spieaal acknowledgment is made to 
Mr W Cooper, of the Department of Pansitologj, London School of Hygiene and 
Tropical Medicine, for the paintings reproduced in Plates I and II 
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^PnaicaOf «Q Hutlut h*T» fiAd tt> flod tfco »ctl*ont» o( tfn» p*mite. Scuvm 
(1B33) bcMiier deacnbcd and {Qoxntad aoow loro* u ti t h b* Uta^ 

apw ” wifci ba fcwnd rtrj mdy a fbe booc^narmr Ktd bt tfao periptmil 
Tntte reaenbfed to mie e«*nt czoasn fitan nyro c yiO, of-** foqiBi by 

Lmnm aod Schoc< (10^ w«* undonbartPy datlie( wftt tbe enatnf* bw 
fooQB, irUdi they de acri t ied n • n«w jmmm oadet the naiw of cMw 


Moiwoloot cm GAMirocms. 

I love ctuditd kodm Lei Ken/a tad Ugutda £rom 1934 to 1947 Tltii 
material has been comp ar ed with prepait b oca from Tanfanjika (of Dr 
FatHBAnw), from the Bclgiaii Congo (of Profcaaof Van Hoar) and from ^\c^^ 
Africa (of Dr No poiats cd i&ffexeaa were oboeTred. The 

foQawing u a brief deacnption of the forma found in the pcnpheral blood. 

The youQgeK paraarte caoatata of a mlnate denac spot of chnxnatla with 
a tiny loop of cyioplaim, the nng being rather aroaner than the eariictt form 
of P felapmmm WHb gnTtrth, the chromatin tenda to apread ottt into a aetm- 
arde or into multiple dota. Later a large amoeboid nng with a Tacnolc 
dcrelopa, an appearaoce which u connar y to the uaual idea of a ytmng tatne- 
tocjte which It atated to hare oo Tacnote and liule amoebofdaefty Tnmt 
fonsa an DOt uncommon. There ta no atjppJittg of them! blood cefl. Pigment 
forma early though in tuch tiny partklca that it U difficult to ue h. Tbe 
cyteplaam then growt oat into i^ge Hke piece* which gndaally fiO la, uitd 
a aphencal body h produced. Tht* occupie* aH the erythroc^ and when 
manire a ahghily larger than it. All tb^ forma are gtmetoeytea aa wta 
pf erre d on aeveral occaatooa by mcuhatiog defibrmdtd blood at 3^ C with a 
few dropi of 50 per cent glocoac aofuuon. The ring forma grew into typacal 
gametocyte*. DereJoproeni from the young nag to the mature gametoerte 
takes about 4 or 5 dsyi (a penod confirmed by vt rrro ob ae mtiona). In two 
Inatancea, the cnltmc on the 9th dav showed an enonnooa accumulation of 
mature fonna, they were many time* more numerous than oo the day the blood 
wta drawn. I do not know whether thu wu an artificial effect, or whether 
It r ep r esented perhaps the derclopm en t of numerous menaoites Inappamit 
In tltt original blood. 

The mature gametocyte* are rery charactenstic objects m a stained blood 
film. They rather poorly in comparison with other blood protcuoa. ^Vr^h 
Romanowiky sums, the macrogametocyte has a steely blue colour whilat tbe 
microgaiDCtocyte is a less dei^ biactnt-coloured paraaite. The fagmeat i* 
to fine jt a difficult to deteriDlnc its caact lint The most srriking feature 
n undoubtedly tbe nudeus. Th» conants of two poctjooa in both male and 
female. In the "nV there is a large oral shaped pale pink are* occupying 
one-thud to a half of the paraaite. Scattered la this arr-numerou* deep red 
grannies or thretd* of chnimitin. The nudeu* of the macrogaoielocyt* » 
r pnch tmaller and b composed of s pale ptnk area with dense chromatin to tbs 
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5 An nduh C mttJiUpi (R) fnan Aarib-Cn« loailit7 end pu»ilte«Cm «m 
tiTtfi btnmutadtriT 3 &«. of infected UtMd &i» MKRR. K tbenred do pvaein 
the da7 after tb« InooiUticci, bm mdy gmaecytm wm ten hjr the oat )6 dtj* 
nhen tfac7 dituppeeted- Three weeto I«er It WM Biren 4 c.t of •eyrtri Mood £n« 
baboon, to tec if foreup blood erotdd exatt tfaa mp pe a nnea of parantia. Ncn* 
wm obaerred mid the mocktr va« aaerfficeid. No tamcTrS wera p j eaent fa tbe 
lirer 

An aduh C antlt monkey (IlM) panstcntly focfa^oasttlve recelred 2 8 cx. 
of infected blood from %IKRA. Tha loOowinB d<T it ahu tte d paftntaa — ddefiy 
tmy aoGd forms then IcrBer forma fe 2 dayv and afterwards oothlnt It waa 
aacnBced and tbe Irrer afaoa^ oo itMtocjaU . 

7 An aduh C afafaa^ CILS) wfaoac blood bad new abowad pamtm, wn 
firm 10 C.C of mfected blood of KtKRR. Twchr boun later acanty rn atu r a Bmeto> 
cytea appeared la tha blood of &L 6, and (heaa panlited for foraxxhc. Alter rtw« 
tM bl<^ area D c g a U ia 

The abem czpcnmemt indtotu dut aab-inocolatioat malt In a paaalre 
tnnaferettee of pamitea, lodadiog perbapt tbe tnnifcr of ioapparcct mcro- 
zmtes trhkh groir mto mature forma. It la probnblj necemurj to ass a /azr 
qoiQtity of beiTilj infected blood to get poajtnre muha. Further arork b 
obnoutlj required for a proper tmdentanding of this pbenomendn. 

Duntnrunox or P kodH in Kznta ant \£CTOt. 

Tbe pnnaite n anil tbftrfbaled m Kenp. A Uai of ipeoea of monkejt 
u ftren tn tbe evCer paper and It la to be ooted that babom io Kenrt hair 
DOt been mfeaed (at le» b; mjadf) tboogb tbej are poithrt eberben in 
Aftiet i*g Npm^d, Congo god \icat A^ca^ la Rraja keck b*a beta 
found to tbe foUoaring place* Ttreu Foreat (2,£W ft.) Tem HUb (5,000 fu), 
Kakamcgi Foceat (5,000 ft) Kfirobi (S4ZD0 ^), Ngoog Foreat (5,500 ft.), 
Giruma Reacrre (aet lerd to I OOO ft.) Makurni (4,000 ft.) and Kodera S.R. 
(4,500 ft.). In tbe forc»U abor® 6,500 ft. tbe monkrya appear to be kocU free 
'Htc insect rector of tbe piraarte ta txnkstnm. Many unrucceaafui attempt* 
at trantimtBioG bare been made with different apcaa and genera of moeqaitoc*. 
My own expenence baa been harifed to feeding ciperuDentJ with Aedet me s 'p t * 
in Kenya, and 0£coUtt tp. in England. No oOcyiu or apermoitea were 
found. Nearly a thousand wild csogbt aeiEnea and culicioea from the Ngoog 
Forest (wbere AocJb Infected monkrya aboond) were dmected, and no aporo' 
rata ncre found In the gUnda. Slnmlddae and GIot^vim are abaent from this 
ferest, ao tbeae Inaects can preaumably be excluded from the Uat of potaible 
Tcctora, kf may tho hippobesada and ticks which arc not (or rery rardy) 
found 0(1 mookeya, 

DE\'ELOPMENTAL STAGES 

Complete poatmortem examimliona were made of monkey* in/ccted with 
P kxh and im eai* and *0010™ were made of the liver hr*n, lungs, tpicen, 
heart, kidneya, mfoinal lymph gland*, meacnlery huesune and bone marrow 
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drda of nuclei ippcmnf m Mcttoa lai Uler faregular chronutui 
occurring towmrd* tius interior ’Hte nudei •omctnnti lie m • tiny TocueJe. 

Very striluo^ elangee are meantime occomng in the bo*t cell (Fif 3). 
Hypertrophy fUrt» when the p*r*Kie U IS#* or cren e*rikr The cell b 
doable the aonnel tbe tsd the bon trackot uies up a poamon it ooe end, 
though remaining of normal nze. Very toon the nodeus dhidca and four 
nodd arruged m paira at opponte ends of the cdl may be aeen. At the acme 
time each nudeua cnlarget to more than double the nor ma l aue. Dnting tlm 
procraa of hypenroj^ the protoptaam tends to ahrink away frocn the parasite, 
learing the latter aommaded by a dear halo. The protopltam becomes 
condensed near the cdl margin. 

Up to thia atige of devdopiociit, tbe parasite la drtular and the nodp 
alill preserve to aome extent a penpben] arrangesnenL Tbe next atep repre- 
•ents the begnimng of an infolding of the aurface of tbe parasite, and it is 
accomp an ied by tbe multipUcaticifi of tbe nudei throughout Hs body At 
first, a d ep r o i l on forms on one aide and this was first obaerrtd in a parasite 
meAttmog only 27 x 16^ Thia na an exceptionally early case, posajbly doe 
to the Caa th^ the parute was devdopmg in an ahnormal aituauon, in a 
rlnoaoid, instead of fsside a hepatic cc& The usual loe is larger — about 
45 X 25^ The cytoplaim h now very denae, except for the vaojok* which 
are ttreh typical and prommeot features of the later stages. 'Hte nuela are 
ahgbtly gr^golar in shape and do not ftaio onafannly They are aesrtered 
throQ^iect the partaite. Further mdenmiona in tbe parasite surface appear 
With merexsing racaolitton of the cytoplasm. TTie nocki ac thia stage bear 
no apeaal rdatMCiihip to the racuoles. Thor ane ranes, and in tome para 
sites may be as much as 1|< acrow. The follow mg measortmoitj wm obtamed 
of three parantea at this stage of derdopcDccit — 

30 X 3S>i (mohiple but shallow indematxms). 

60 X 24>( (deeper mdentxtioQs). 

75 X 75^ (deep indentations with large ce ntra l vacuole). 

Tbe h yp e r trophied bepstK cell with multiple nudd is itill easily diadn 
guwbed. The no^ are not only enlarged, but pybiotic also. \t thn atsge, 
the dark bine cdoor of the parasite wHh red chrornatui dots makes it a striking 
object In Romanenraky stained aec tl o oa under ■ middlfi power of the microscope 
(Flp 4). 

The parasite next increases its aurface aresi, by a much more violent 
imfcniatlon, firfng rra« la ea appearance reaewbUBg chanonic rSK. Lent 
Ijorda penetrste into tbe very centre of the parasite which ttill retains, bowerer 
a dmilar or ovil shape. Ooe such form measured 105 x 135^ mother 
143 X 75^ fFig 5). TTie noeld are now more numerous m tbe centre of each 
convolution they are round, or oval in ahape about 07,i across. They stain 
deq? purplisb red with Romanow^ in contrast to tbe deep Wuc of the cyto- 
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F ^7 — DcrriopnjrtiaJ c%tV ot HrF^U^rytltt Jarh (cnn&l ) 

FlC ' — H*lf of Unre form »ilh crtoptiwn much cco^etutnl \ tcuok* «r« tw» Unr» 
*0(1 >p pro \ C mu n MacNinwn 


Fh 3 — L pijtmmtwj ^llt ool "jfnrtr made fram m c f u cra fired tn metti 1 aJcohoJ aaJ 
■tamed nth Chuim. flni appc irt 


Fig. ^ — Rupture of metocr* ■"*) c*c*pe of memooiM mi ocuroad of L er '^ir' 
lae tu aoitf aw re wen »iiba> i nac ropf la gea and othen analr parmchTma ceth 
approx. Oieniaa MacNman 
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Fmjl n L_ — PuhoklirKsI cKmvn tn Kelrvc m Hfpator\itrik»rhi 
Bictooo twtunrn named »rth Oimna MacNmiara. 

f 1] — Gwnt cell from zone of rracivct around rmUire 
tnefoovt ^ ** appTu^ 

Fw 1 — Drerncrafy meruej t I t aprmni 
r — SrTUc niw teaa rt ma rro f pamte 
G • Giant celt Uyrr 
F FibeoWan lj>er 

M - P<])}bbn Uyer 
L La cr yiarmcfiTnn. 
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It a powiblc Uut tbo u>cnw m nudm »ue may be ■ degco eraU TC effect inj 
that tbe eppercot peripbertl unngancm of nucJa in » cytomcre really rejyt 
•cnta the da(ributiafi of nodo trotnui tbe rxcualetecl epooge-ffork of ttecjto- 
pUtBL The thffd ph»e — the HwntefirvUBt effect — it, hcnwer ftjrfy 
often teen and tuggesu that tome tort of differentlatMQ nuU. It it it leait 
■■ obriou* at the cytomerea " d«cr{bed and QJuHxated by Jaiin and Tati 
( 1933) uj eiacrythroc^ achlioitti of P gmIhMMnm, 

The inature rocrocyat preaenu a mott ttnbng appearance, to the ruled 
eye, on aection under the nucrotcopc (Fig 8) and in ametra. It it moat caiaJy 
aeen oo the aurface of tbe Inrer thenq^ tpparentir it baa an cren dniributian 
throtigbout the organ. Tbe cyat b of a grenab-nhitc colour and u trtmloceitt. 
On puncture a clear 6uid eacapea. and in thtt 6uid bita of tbe fragile plai- 
modlAl nm can be teen as minute nhitc ffakea, vbicb bare becocne dctadxd 
on rupture of tbe cyat. Srrteari arc beat prepared by malmg a amaH Inctaton 
m the cpt araO, uamg tbe lotr poncr of a binocular mjcroacope withdrawing 
tbe fluid wrHh a capilUry pipette, and a m c ann g drepa u ui the preparation cf 
blood GUttf, 

Six foDy derdoped merocyata were nxaaur e d ju section after formaLn 
fixation and the tnean rbrnennocu were 18x13 rnm- Fire cysts artand 
nhicb ttatue reaction wttb fibrosa snu progrmmg actisxly nxwured only 
11x08 mm. 

Tbe iDtenor of tbe eysi coimau of the coagulated fluid, which wnb Roman 
owakt tuios appeara aa a red bomogeneom toasa. Enarchng this is tbr 
pUamodol rbn about 100^ in andth bordered on the outwde br a oontinunui 
wary margin winch io life Iiea tn conua with the boat Uajuca. Tbe wares 
or leas often long trabecular p roc ca a ca poab in between the ceDa. Tbb outer 
hyaline margin prohabl) repretenu the thicker ectopkam of the growing 
parasite and may hare, fused withia it, the remami of tbe original bepdic 
cril membrane, sH trace of which has otberatse dkappeared. It does not g{ie 
tbe argyropbil teactiorL 

In between the wary border and the coUoid iotenoe Ite the {nnuioeribic 
miclo (Fig 10), forming the wall of ibe cyst Tbey are so dose togetber that 
little eytopbsm a end^ eacept tl the extreme edge or in tbe dendnfeem 
pr oceiaea Most of tbe nudei atop at the base of each procen wfanA conlifn* 
a few rrudej at tbe moat This evtopbam ri aadophilic, uutead of 

the hjgfaiy cbarictcnjlic bngbl bloe of that «if tbe younger parasite Very 
often tbeie arc numerous Awcuolea to be teen □ between tbe maasci of nocki, 
and tbe only other kroclurea are o\tJ red-rtauung bodies which may be 
“ resdcia} bodies. The Utter are beat aeen m aectiom of 3^ ibidkOtsa or leas. 

Indindual meroersta rarr I tile in atructure, though tbe ppetrsneca (Effer 
according to the plane of section. If made at a poJc a loljd man of nudd 
only a cut through if the aedion happens to go through one of the dangling 
Krips this will show as an island «i the middle of the coUoid aiefwr 
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tome bumorThtge. and the bkxxt nay reach the iatmor of the c^it, canjiaf 
merocohc* with n. It h ont; it thi» tOgo that meroxoba are Kcn £rre tctoaOj 
within the colloid intenor Little gnrapc of parattre* occor in the Drer tlaoe 
in the tmmcdmc ncinhy of the bunt, bat not cbewhcrc in the lectioa. None 
of the pcTubet, not eren thote mnde the Urge reint tare ^et entered tsythro- 
cyto. Fhigocjto*uoftbctnero*oite»iiactirecTeT 7 wbcre,inthetk»oere*ctioo 
Ujer m Kapffer cdU and in wuwbriag'hatiocytea. Occniocally tbe partnta 
are aetn inside the parenchyma cefla also (ace page 605). Tbe merc Boit a ef a 
rupturing merocyst are a bttlc more (fifferentiated is atn Klu re th»n tbe mirfn 
of the mature cyiL 71>ey consist of a lighter and a darlrer stamlng porttoo, 
ahnoft ginng tbe effect of a very young malana ring” Tha bipbtsic staining 
effect cnabla tbem to be eas3y disting;msbed from other structora m the 
Ever tissae. 

It ta, unfortunately no more poalblc to cfistmguilh aexual blood 
gimetocyte) from asexual ( 1 . 1 ., to devdop into a new merocyst) forms m Uui 
infection, than it is in the case of mcnsoita of an ordmaiy msUrlsl pinshe. 
But fa reasons vrhkb have already been given (page 603), and also beanie mere* 
xoita can actually be seen wnUn hepatic criU, it U practically ce r tain that 
some of tbe enping psrasita most be asexual m Dsture. I ban already 
deacribed (page 602) tbe yoongest forms seen in tbe blooding kockt iofectxns, 
and it wiQ be noted bow cioaeJy they resonble these Mphanc forms m the 
liver 


iKFtCTTVTTT t» MjOOCTm. 

It is <hScvh to understand wfay meroxoita obtained firore mc u cy tts 
fan to grow into gametocyta in culture. A cyst was removed bom tbe liver 
of an affected monkey crushed and placed in deffbnnated blood bom a dean 
Ttimsl with a few drops of 60 per cent, giocose solution. Tbe cnlture was 
inoculated at 37* C. and nandiyd eith negative reaulta, 2 and 6 daya later 
In tbe aaipe way mbrocyatt bom three infected inimila w ere excised, ground 
in rwmsl saline and tbe sotpeasioo was mocolsted mtnpcritooeally and inui 
bepaucally into three dean monkeys. No infections dev do p ed- Lssdy oe 
tbe assumption «h«t re cently esc ap ed merozntes should be free in tbe plssms 
of a bexvily infected monkey tbe phsma was separf ted and inoculated into two 
tnimals. h£> gametocytes subsequently sppeared in then- blood, altbougb three 
controls tnocubUed with nbole Uood developed the usual brief infections. It 
Is possible tbst til these oegstivc lesolts ntxv hsve been due to tbe unmiturity 
of tbe merocrats used m tbe expenmema. It may be noted that uwcolatloa 
of organs coouumng schaonts of //srsui^rwntr also gives poor reauhs. CoArrrr 
(1933) found that one bird only out four developed a light infection. It 
tppieira therefore that the tissue forms of the Hscmoproteidsc are reJstivtly 
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uninfective on subinoculation as compared with similar (i e , exoerythrocytic) 
forms of avian plasmodia 


. Merocyst Rupture and Parasitaemia 

\ 

The hlood picture provides in some cases confirmatory evidence of merocyst 
development and rupture In most infections the liver foa are few in number 
and therefore theoretically should produce crops of new gametocytes in the 
peripheral blood at irregular and sparse intervals The actual parasitaemia 
m three such cases is shown below — 


Table I 


Monkey LL — Number of Parasites in Approximately 8,000 R B C s 


Date 

Rings I 

] 

Half-grown forms ' 

Mature gametocytes 

1946 Dec. 23 ' 

108 

46 1 

26 

24 

48 ' 

36 1 

104 

26 

6 

54 I 

* 72 

26 

4 

16 ' 

110 

27 

2 

6 

100 

28 

76 

0 . 

64 

29 

94 

4 

62 

31 

2 

26 

64 


(Liver had about 

16 visible merocysts ) 



Table II 

Monkei DD — Number of Parasites per 8,000 R B C s Approximate!} 


1 

Date j 

1 

t 

Rmgs I 

Half-grown forms 

Mature gametocytes 

1946 Dec. 1 1 

20 i 

2 

67 

O 

24 

8 

63 

3 

63 t 

' 7 

61 

. 4 

37 

7 

87 

6 

22 

9 

64 

6 ^ 

24 

7 

66 

7 ' 

40 1 

3 

91 

8 ' 

1 

31 

j 

9 

1 

76 
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Monkej T.T. ibovvd clearlj ■ raddcn flooding of tbe cucaUtioa with 
joQDg ring* on the 23.12.46 tnd agiln on the 28.12.46. An incrcaa e in nng 
form* ct {tregoUr uttemla ta tlao to be ooted m the olhcr two monkcTt. 

In the rarer oaei, when the firer coottms numeroia fod, rocroxoftea mn< 
be dtschxrged dcxtIj contimroualy and the blood p ict ur e abould ihow no each 
fluctuatKioi in the relative pcrttHicntla. Moniey RIL lUofiTatcs thli point. 
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Bloom, 1938) it a unlikely that they rep r eac at the final mah of the mtihi- 
pHcation of the noda of the ongiml Uvcr crU for if tint were so they vodd 
pretumahly be stiU withia the hyaUse border rcmaiat of cell racmbnce) 
instead of citcnor to iL 

The ccSi cnnt sirring eosioopfai] grannies bare been called cosjao* 
phSes by both LevAnrn and Sojoew (1932) and by IIawedto and Htnrr 
(IfrfT) TTicy are, htmerer apparently not eosmopha Icncotytea, bin phagocytic 
monocytes, the granules of whidi. In aome instances at least, are the nKTomtca 
of the parantc. These cella csn also be recogmxtd in smears, and tbe red 
granules then sometimes shofr tbe bipbssk charactenstic of tbe nu t are 

mcrotortes. Tbe nudros of tbe cell U a large oral body tbe grannies may 
be confined to a aTtuIl pxvtion of tbe protoplasni In a dHaW groop surrounded 
by a halo. 

Tbe next and final stage la tbe Inraskm of the ruptured merocyst and its 
rapid destruction by tbe phagocytes. The Ust pan of tbe paradte to resist 
IS tbe byaline border and this can occasionally be recogmxcd In tbe cen tre of a 
focal lesion, conmting of grant ceOa, fibroblasts, pofyblasts and lymphocytes, 
no longer in special layera. Focal Infilimions may be seen in the liren of 
uiunfeeted monkeys, but are csislly difierentisted by the absence of tbe giant 
celta and of the c^ contauung eoataophil granules. 

Scars of old foQ may be seen on tbe surfsee of tbe Cren and m neiriy 
erery infection there is a mixture of rcsotnng opacpie merocysta and of mstare 
tr a ra parent ones In bifectioea vlscb are dying oat tbe brer sbom only small 
fibcooc spots, srhkh oa section show the tyrwal ceOtdar reaction ■nmnd pohaps 
a dark representing tU that is left of the p ar asite (F»g HZ). 


DISCUSSION 

The etidence thst the Inrr forms are pan of the P koeh cycle was pre- 
sented m tbe earUcr paper Further examplei in posit « rod neg a t i re anfmsli 
hare confirmed tha and the discomy of all stages in the derdopment of tbe 
pDWSitc has pronded a ptdure of the complete cycle in tbe monkey 

It u DOW dear tliitt kockt docs not bdortg to tbe Plasmo£idae, whkh b 
Ar^nrA at s fimfly pcodtjcmg forms whsch live in tbe red blood cells during 
tlK asexuil cyde. 

Hstrnxo and Hpkt (1W7) hare called koch a Hanmprottm bat tbe 
appearusceoftbcdevelopiDental stages in the Leer arc so unlike the HaewofnUia 
seUxonts that in my optmon this it ineorreci, Kochi derdopa in tbe partis- 
cbTtnatoua cells tbe Over prododnga highly ebarsetensue body with muti pie 
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invaginations of its surface Haemoproteus develops as well-defined^ cytomeres in 
the endothelial cells of blood vessels Then, the final form in koc}ii is the merocyst, 
a spherical body containing fluid and lined by the remains of the developing 
parasite consisting of innumerable merozoites In Haemoproteus there is no 
such cyst-like formation, though the schizonts are grouped m masses separated 
by septa Although of little taxononuc sigmficance, it may be noted that 
Haemoproteus has halter-shaped gametocytes in nucleated erythrocytes, whilst 
kochi has spherical gametocytes in non-nucleated erythrocytes 

Kochi has closer morphological affimties with Leucocytozoon, which, as 
descnbed by Huff (1942) goes through a remarkable development in the liver, 
heart and other organs The schizonts grow in the parenchyma cells of the 
liver, the borders and nuclei of which enlarge to an enormous extent Cytomere 
formation follows with the eventual production of a packed mass of thousands 
of merozoites in a megalo-schizont up to lOS/i in diameter This bursts and 
discharges the bipolar staimng merozoites into the surrounding tissues There 
18 art obvious parallel here to the kocht tissue phase — the major points of 
difference being the absence of penpheral nuclei m the youngest forms of 
Leucocytozoon, of the convolutions of the half-grown, and of the merocyst 
formation in the mature 

It appears, then, that kochi should be placed in a third genus in the family 
Haemoproteidae, and the correct generic name would appear to be Hepato- 
cystes (Levaditi and Schoen, 1932) The amended genus is defined as follows 

A sporozoan parasite of the lower African monkeys, which develops in 
the parenchyma cells of the liver, first as a minute round body consisting largely 
of chromatin, then as a sphere with penpheral nuclei The nuclei later become 
scattered throughout the cytoplasm, the surface of which folds into multiple 
mvagmations Vacuolation occurs and fluid accumulates in a large central 
vacuole which expands to form the merocyst The merozoites collect in 
enormous numbers in the cyst wall, which eventually ruptures and the majonty 
of the merozoites escape into the circulation where they invade red blood cells 
and grow into spherical male and female pigmented gametocytes 

Genotype Hepatocystes kochi (syn Haemamoeba kocht, Laveran, 1899 , 
Hepatocystes simtae, Levaditi and Schoen, 1932 , Haemoproteus kochi. Hawking 
and Hunt, 1947) 


Habitat Tropical Africa 
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SCHISTOSOMIASIS IN THE KOTA KOTA DISTRICT 

OF NYASALAND 

BY 

O N RANSFORD, m d (lond ), d a (eng ) • 


General 

Schistosomiasis has long been recognized as one of the chief causes of 
morbidity among the natives of Nyasaland Urinary schistosomiasis is the 
dommant form, dthough in some parts of the Protectorate, the intestmal form 
IS common too The magnitude of the present prpblem was recently emphasized 
by CuLLiNAN (1945), who notes a urinary schistosomiasis incidence of 41 59 
'per cent in a group of Nyasaland soldiers 

Medical surveys durmg the period 1935 to 1937 show that the incidence 
of both forms of the disease is highest in the low-lying parts of the country 
Schistosomiasis m the northern part of the Protectorate was investigated 
by Dye (1922-24) He described the climcal syndrome, similar to Egyptian 
splenomegaly which is due to heavy and repeated infection with Schistosoma 
mansont Planorbis sp (near P siidamcus) was identified as the intermediate 
host of the fluke Dye considered that Physopsts glohosa^ was the probable 
host of S liaematohum, but certain proof was not obtained Melania (Melanoides) 
nodicinata was also suspected as a possible vector Gopsill (1931), Avorking 
m the southern part of the country, found that 80 per cent of 500 consecutive 
unne examinations showed infection with 5 haematobium He concluded that 
M tiiberculata was the probable vector of urinary schistosomiasis m this area 

•Thanks are due to the Director of Medical Services, Nyasaland, and to the 
University of London, for permission to pubhsh this paper The author is also indebted 
to his African assistants for the help that they rendered him 

tAccording to the British Museum (Natural History) the accepted name for this snail 
IS now Buhnus globostis 



618 


ftCHriTOtOHUtn OC KTiJAlJUrD 


on the Shire Rircr but igiiQ ccft*in proof wi# Udung A thmltrij- Uth infee 
tmty nte with unmiy rc hrC enotBLafa hu been reported from other (Gttricts 
where they border on Lake Njrtia. 

Tilt prper aummariie* the remha of obacmtjoni made m the Rota Kola 
District of Nyasala nd orer a 12 month period. This district, with a land area 
of 2,418 aqoare mUeSj ortenda op the western shore of Lake Nyast for nearly 
100 miles and ii 45 miles broad at ha sndcst point 

TIm dteri a s apporta popolctka of bew iscn SO 000 and 90 OOO «hkfa h iMcext 
msalj ctTOslly dhrided between the low-lytDt kke shore country twi sn tttwinTir»'j 
lylef to the iMt ThcM two ems ere ssparsted fiutu each odwr by broad ici%] of 
bamn, kdcrtils country of Mnd and storw wfaldr is nfested widi tse tas fly snd, brbf 
rmlnhabitrd. dlauxusgct Uatel t w iw — n rh* two p op ula t e d sieaa . 

Tbs hks shore strip sbesrt 1 flOO feet abora tea Ural, is ssndy mpt £or fertile 
sOorial patches tyktg at the BMrths of srrenl lsti« riven. The people here frew esMan 
as their stapk crop md catc h food doal of firii. As cash crop they crow rice the a cren B 
of wfakh has buicassd dorfag tbs Isat IS years, l-cnfi t y sihher^ mfloanced both by 
mnftll End V batween -400 owt floo short of rice are fco wo for — t* anmsOy 

and h b estimated that oeaiiy 10 000 o atl r ta woch in tbs paddy flrlds dicrhig the s t sa m , 
Tho hni country tMos rradBsfly f r nn\ t4>j bha ksI in part an srotada of orsr 

S 000 feet, It b formed of tert&e foochfOssrith ndi vaDays, sloping up to coU ftrtfla Rsas 
OTWantr wfaosa soQ c o otsl oi Ueber ccauent of mi neral tshs Own tbat of tl» bln incR. 
Tbs hHl peopb grow maite as tbeb stapk crap 

NytMtsnd b not cesmoy of tsm ttaora coaomunhka, ni Kota Kota town, ««h 
shout 4 000 haw, b c o t xik W r e d to bs tfaa largest of darn in tbs Piucuu iiie Ilia town 
Bes OQ tfw ibata of Lake Nytss, abo u t bsif<way up the chstriet rt b shout 4 adkt tag 
■od I ffille wide. 

Heavy raka (between -M sad 60 iacfaas) fsO br rw ee n Normher and Apnh Soesms 
ras twifdy down the hills but mors skrwiy a tfary a ppr oa ch Laka NyM. In tbs aear 
▼icnity of tbs Ide, tbsM streams pde op sii^ and dnriia the dry scasoD wnes of •hallow 
pools are ta£c skng tbs sCre siu codress near to the laxs. 

These pools grsdotUy dry up as the dry scasosi eooiinuea. Dunng tha 
time they are used as i water supply and 0 a refuse recrptscic, to be preferred 
to the crocodSe-infested lake. Especially when the Tcgc tati oo affo^ tome 
degree of pr i vacy the sumHindiQgs of these pools are in frequent use a Utrines 
vl^ towvds the end of the dry seaon. when the surroundJnj vtfeUboc 
ha been burned, trampled down, or deared avny children are constantly to 
be seen bathing In them. A cdntiderable proportion of the Uke shore populs 
tion IS Nrohammedan, whose excretary habits sre a ss ociated with water 

It vriD be app re ci ated that the lasodation of the lake shore people with 
dry weather pools Is a dose one, espeoaDy towards the end of the hot 
season, when the quantity of water is dmiinuhed and Is most fouL Condltkins 
in fsa tre ideal for the natural cycle of the human achinosoma 

Infection wHh 5 AarasafoAcaw does not five nse to such siifHacttUy palnfoi 
early symptoms a to make the African seek hospital treatment until comphes- 
tjeoa anse. Infection ha rarely been 1 reason for rejection of milrtary reoTiiti. 
Infection with Intestinal schistosotmasia u sometima more scnoca. The «me 
.^ifvwl ayndforoe of hepatic orrhofia and splenomegiDy reported by Dte is 
fixfi in KoU Kota from time to time. 
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It IS the debilitating effects of unnary schistosomiasis, especially as it 
affects the mental development of Afncan children which makes its control 
of great importance in the distnct It is considered that the undertaking of 
more efficient control methods will prevent the cumulative increase m the 
number of dangerous lopalities which has been reported from Southern 
Rhodesia The southern neighbours of Nyasaland, which receive so many 
emigrant labourers from the country, would also benefit from the improvement 
which could be anticipated 

The Freshwater Mollusca of Kota Kota District 
Eight mollusc species have been recovered from Lake Nyasa and from 
freshwater pools in the district I am very grateful to the late Major M 
Connolly and Dr W J Kees of the British Museum, who kindly identified 
'them as follows — 

(а) Btihmis (Physopsu) globosiis (Morelet) 

(б) BtompJialana pfetffen (Kraus) 

(c) Lymnaea caillmdt Bourguignat 
{d) Melanotdes tuberculata (Muller) 

(e) Bultnus (Pyrogophysa) forskabt (Ehrenberg) 

(/) AmpuUana sp puv 

(h) Lmtstes ovum Troschel 

(i) Vtvtparus umcolor Olmer 

Physopsts globosa — This seems to represent Physopsts qfncana north of 
South Africa It has been identified as" the intermediate host of S haematobium 
in Southern Rhodesia, Sierra Leone, and Tanganyika Temtory and, as will 
be Seen, it is the host in Kota Kota district 

These snails were found in great numbers dunng the dry season m those 
residual pools near Lake Nyasa which are close to human habitation Only 
very rarely could they be found in similar pools, in uninhabited areas They 
were also numerous in vdlage shallow wells These snails were found, too, in 
paddy fields dunng the rams The snail appears to be a true messmate of 
man and requires fouling of its habitat for its existence 

Dunng the 12 months m which they were observed they were found to 
be parasitized by trematodes only between early July and the beginning of 
the rams ^ 

Physopsts globosa was found to be present m only three hiU localities Its 
occurrence there coincides with a high human infectivity rate with schisto- 
somiasis 

{b) Btomphalana pfeiffen — When these snails were found, they were 
associated with P globosa, compared with which they are not numerous These 
snads are the probable hosts of S mansoni in the distnct 

(c) Lymnaea cmllaudt — Although usually associated with P globosa, these 
snails may occur alone in enormous numbers far from human habitation and, 
unlike Physopsts, can live in fast-flowing water An occasional snad showed 
monofurcous styletted cercanae 
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(rf) M ti t m iti tahtradaUu — The*c uuil* *rc to be fouod m ffrai anmbcn 
dtmnir Uk dxy »e«on on the •bore* of Lake N^tu. They were infe«cd with 
t Ttnety of trematode Itrrte, ik«c of whwfa resembled 5 Aanutohn. It 
ii taterettiog to note that doable tofectiooi with different trematode* ww by 
no meanji rare. 

(») BitSm fonkoin . — ^The*e >naili were found fcn Tcry lirge nnmben 
throui^Knit the dirtfxa during the rtliu. eipeciaJly In the roar»h« tod nee fiddj 
near the Uke. They could be teen crawling upttream from the late to ibeae 
loealiue*. DetpHe many dmectlona, no trematode panuitmition ww teen, 
but tbe poaubiixty of their’ teting aa eme rg en ct hosta for achiatoaotite fluke* 
mou be borne in mind. 

The other three tpeciet of nuna were found near tbe Uke. They are not 
known to be of medical importaoce. 

THE INCIDENCE OF SCHISTOSOMIASIS IN KOTA KOTA 
DISTRICT 

Dunng tbe penod 1035 to 1944 recorda abow that 9,861 urine and 13,090 
•tool ejam i nat iom were made on patienta tuendlng Rota Rota Aincas boapitah 
In the unoe etammatiooa, 53 per cent. (5 186) eontaured S Monutobam on, 
this percentage ibowing htife ramuon from >w to year With the atod 
exanunalrona, 7 per cent contained egga of 5 aumev in 1935 the peneatage 
then dedmea in auceettlre year* to tmder 1 per cent, in 194-t It ia endeot 
that in the (Hatnel, probably beocisae of improrctsenta in aanitaiKxi, intcamaJ 
achtftoaoTnaits U a ducaac which ta declining m unpoftance, whrreaa the 
irvideoce of urinary acluatoacrimttia taa not aix^rn the aamc trend. 

It wta considered that the most accurale method of obtainisg more 
detailed mfonnation as to tbe local mcidcnce of unitary m the 

district would be bj aearch for the monusc leoor of tbe disease, and by rillafe 
examlnittoo of children between 6 and 12 y ear s of age. ChUdren of thU age 
■re leas Itkcfy to hare trarelled far from their Milages than are adults, tod 
probably like espcnmcntal cnuoala. they are more esattr infected than adohi. 

Accordingly the urme* of 1357 chUdrcn throughout tbe datnet were 
eanuned, 948 (51 per cent.) of wluch were found to conuio Schsianm* on. 
This figure represents the absototc nuntmal luadence subsequent exandnaiion, 
aftfr a jn m -oc at fre dose <f aufamm. sometimes ereiled ora in chililrtn 
previously reported negytli’e. 

Two mcWenlal point* are worthv of notKe. Apparently boys are more 
liable to nifccticm than arc girl* Thu* in I *119 coosecutire aammatkms, cf 
which I OCb were on boys and 514 oo girls, tbe infectiricy rale of the boys 
n as 58 per cent, and of the giri* 49 per cent. Secondly when the im«* of 
amiDcr children were ennuned, in no case was a chdd ytxmger than 4 years 
found to be infected. 

Tbe accompanying map tbow* how the inadenct of urmary achistosomma 
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vanes la the different parts of the district It will be seen that the greatest 
incidence is along the shores of Lake Nyasa and that the incidence decreases 
with altitude In Kota Kota town, 81 per cent of the children were infected 
Only three foci of hea,vy infection were noted in the hill areas 

In all cases, a high village incidence of schistosomiasis was found to be 
associated with the presence of P globosa in pools or wells nearby Their 
presence there may be limited to only a few weeks of the year No similar 
Relationship with any other mollusc species was found 

The absence of P globosa from all but a few localities in the hills is due 
to the fact that the village source of water is usually from fast-flowing streams 
That it IS not due to climatic conditions is shown by the facts that snails exist 
in the three foci mentioned, and that snails were kept alive experimentally 
at a high altitude Cold by discouraging bathing may, however, be a factor, 
in hill country, which limits infection despite the presence of a mollusc vector 
of the disease 

The use of such a survey is to indicate where control can be most advant- 
ageously applied In this distnct, lake shore control could be applied first 
to a heavily mfefeted locality, Kota Kota town, and from there be gradually 
extended to include the whole area At the same time control could be applied 
to the isolated hill foci where success is likely to be comparatively easily obtained 


TilE Intermediate Host of Schistosoma haematobium in the District 

Of the different snails found in the distnct, only one — P globosa — was 
always associated with foci of urinary schistosomiasis, and in 1,200 dissections 
of possible snail hosts only this snail was found to harbour furcocercous cercanae 
resemblmg 5 haematobium Experimental proof that P globosa is a host was 
obtained m the laboratory, and I am indebted to Dr de Meillon for his 
advice on the method adopted ' Havmg bred “ clean ” P globosa in the labora- 
tory, they were each exposed to five miracidiae obtained from S haematobium 
eggs from freshly voided unne, after they had been repeatedly washed in 
normal salme Cercanae of S haematobium were obtained from one snail 
8 weeks after exposure Exposure to more than five miracidiae caused death 
of the snails in a few days or weeks It was not possible in an out-station to 
make any expenmental infestations of laboratory animals 

Other moUuscs, notably B forskalii and Lymnaea caillaudt, may act as 
emergency hosts for human schistosomes, but from study of their distnbution 
and seasonal incidence in the district, it is considered that this can only be 
a rare occurrence 

It IS important to realize that man may not be the only vertebrate host 
of human schistosomiasis in nature The possible role of small rodents, goats, 
etc , acting as reservoir hosts, should be borne in mind Many workers have 
reported successful experimental infection of laboratory animals with the 
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ecrcartie of huxtan •ctmowmo. Thai Annii Porraji deicribe* i lene* cf 
erpcnmenu In which UboatoTy bred white nts, pupptei um! guinetpip were 
■iiceeiifally infected with ichitfoiome cemrue obtiined from four South 
Afm moUasct. Certunlj' the rdxted S J^pcmuwm u*e* domeitic Ti^mali 
field mice at altermtiTe hoiti. ProbiUy the fiakc of unmry 

nc< lo limited in hi tange of definitive ho«t u it w« fcijnerfy comidercd 
to be. In a linzhed lenei of ezzmlnationa^ no evidence of the eaftecce of a 
reacTToir beat m Kota Kota wm obtained. 

THE CONTROL OF SCHISTOSOMIASIS Ds THE DISTRICT 

The control of arhWtn>/>mt»v{« [n the dnmet reallj Qa In the hand* of 
the anltuy engifieer Much may be accocnpliihcd by educatioo, by the 
encouragement of natural enemla of malla, by the use of moQtne pcuotu, 
and poaaiblj by attempting the maa treatment of Afncani. But the only 
hope of permanent control wQJ be obtained by the dJminatlon of the villate 
po^ lyl^ dole to Lake Nvaaa, »hetber it be by drainage, filUng m, or by 
diverawQ and utOoaUoQ of the water in deep wella. The emphaih of a ccwtinl 
adiemc, aa eltenbere in the world, muat Iw hid on anaO deatruetton and OQ 
the prevention of tbdr pr a ent cioee aaaocMltoa with man. The moat dlffiroh 
•ingie p roMem la to with the take hgoooa and backvraten and the bke 
water where the ahore h over g rown wnh reeda. Fortunately luch etei are 
not uiuilly important foa of i^eetioa. The water cf the Lake \yaaa proper 
ti aafe. 

Narttrc, by iti ahemate fluahing with ram and drying, TTUl^Tt»^^ul a tome- 
whit prectTKioaly balanced population of the mothne vectora of boman onury 
achlitoaomlana. Bad aanhatioa will tip the balance in the anail • ftroiu’ and 
the convene la equally true. Indeed, it it poaaible that the increasing me by 
Africana of deep pit htiinea over tbc l»t decide bii played ita piart in reducing 
the Dumbera of the inafi vector of inteitinal ichlatoiomiaait. 

Control of adnatoeoiinaals o always a local problem. Tliis ti well Qlastraled 
In Kota Kota town. Here a supply of tsfe water could be oiadc rrailabte to a 
comiderthle portion of the population, merely by piping water f rom tbe hot 
■p nn g i tying less a mile from the town. 

Eventually it may become poaaible to deal with every aenu-atagnant pool 
lying near a villige or major route of African iraveL Each would have to be 
conudered on its own mwita. In Kou Kou town, where a large population 
ta affected, drainage into the lake la the be« means of cfimination of many 
poda. Meanwhile, temporary control can best be achiercd by the use of 
naturally occ urr ing snail poisons. 

Maarr (I93S, 19+4) baa reported on tbe use of natural poiaom in 
Tanganyika and in Southern Rhodeata, Some iirreatigatloaa of pcaaoca 
occamng in Kota Kota acre earned out. 



O N EANSFORD 


625 


> For natural molluscicides to be of use, they must fulfil three conditions 
(a) They should be lethal to snails m practical concentrations 
' (b) They should be harmless to man m the same concentrations 

(c) They should be easily and cheaply grown in quantities adequate 
for the snail localities concerned 

In the lake shore areas of Nyasaland vanous naturally occumng fish 
poisons are well known and used by the natives These poisons also kill frogs, 
tadpoles and snails In this respect the poisons may be judged to have 
“ passed ” their field trials in native hands 

It was found that a large variety of plants were lethal to snails in the 
laboratory, but after field trials only three plants were considered to be of 
practical use Laboratory experiments are, however, necessary in order to 
obtain quantitative information as to the lethal quahties of the poison 

For the purpose freshly collected specimens of adult P globosa measuring 
' between 11 mm and 15 mm m length, were used Younger snails were found 
to be too susceptible to the poisons Each experiment was conducted over a 
period of 48 hours using two controls, one of fresh water and one of copper 
sulphate 1 400,000, which is lethal to snails within that penod The cntenon 
of death of the snails was failure to revive after being placed m clean water 
for 24 hours 

The three poisons found to fulfil condition {a) above, and their mimmum 
lethal concentrations, were approximately — 

Tephrosta vogeht leaves, 1 4,000 
Swartzia viadagascanenm, 1 3,000 
Muaina sp (“ Dema ”), 1 1,500 

Of these only Tephrosta vogeht (which contains tephrosm) fulfilled condition 
(c) Its use as a moUuscicide was suggested by Mozley, who found that it 
had no injunous effects when ingested by mammals Although Africans will 
not drink for some days from pools in which it has been used as a fish poison, 
volunteers who drank k pint of a 1 2,000 extract suffered no lU effects 

Tephrosta can be cultivated easily and cheaply on the lake shore , it is 
available in much larger quantities than either Swartzta or Muciina, and is 
recognized by the natives as the more efficient fish poison Sufficient leaves 
to treat 500 gallons of water can at present be bought for one penny 

A record of an expenment — one of many — is given belov It was con- 
ducted to determine the mimmum lethal concentration of Tephrosta leaves 

Hand crushed lea\es of Tephrosta vogeht wets added to vessels contaimng 
10 litres of fresh spring nater in each of which twenty Btihmts (Physopsts) 
globosa had been living for 24 hours Controls of copper sulphate and water 
were used 
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Other cxpenmeoti tbowed thit hand-toni lores tre alimst ts e£cctire 
St TfpfmaM lesrei pousded io the mortsr tod that dry itartt are ai effecdn 
ts the fresh lesres. 

The method used ht conduenog fidd tmls on this tnd other plants vss 
u follows a suhable pool wu sdected tjvi early on ■nccesslre mormngs 
the stwHs iQ the pool were counted and retunied. T^e sear ch lasted for the 
tame time eiw:h day and raned from 15 miooies to 1 hour according to the 
aoc ol the pooL \V’hen the count on 9 ■ucccstiTe days wss conatsnt or nesHy 
constant, the poison onder teat ra added to the pool and eoutits of lire and dead 
trills made on the nest 2 monuogs. 

As weather eandduens affect the case ttitb ahlcb pbysop«s snaOs an 
foand, it is important to condoct counts at the some hour each day tod before 
the water bos been dtfcuxbed. 

In the case of TrpJmxiM the leave* were wetted, tad tore np by hand, 
the g r een puce then bang diatributed nnl/otmly through the pond, SaHafscleey 
connts of sraffs were obtained when Tepitrwia ro^pfa wss tested, the field 
trials ccnfirmmg its efficteocy as a tnail poison. 

Similar expenments « ere conducted with malachite obtained from 
Soutbem Rhod«ia. The sample used was not lo effective aa lepbrosii fanes, 
and the high cost of unpoctmg tnaladui renders lU local use oneconotme 

For an ettennve eoocreJ scheme based on the use of T vegtlu, the plant 
tbcmld bo cultirited doae to the pools in which its use la intended. Its tpphea- 
twn would most profitably be confined to the period between July and 
September when the «n»as arc easily scceaaible and before the majonty become 
infectire. EspcdaHy when there is mud and acuaf in the pools, a coocentrstKO 
of I 2,000 or <rf 1 3,000 shooki be aimed at rather than the miaimum lethal 
concentration. It wss not m practice easy to judp the volumes of the largCT 
pools wrth any oacllmde, but tbc Uncan astatants who worked m the field 
erpcnmenis were soon able to estimate the neceaaaiy quanUty of leares. 

Any raesiure for the control of achmoacernasis which depends upon the 
use of ^ poisons cames the disadvantage entailed m tbe necessity rf yca^ 
repcutlon. It Is feh, boncrer that unti uch time ts tbe pennanent control 
of KhiCcmtaiiafiS Is effected by tbc rmproremcnt of urban and rural sanitatiM 
in Kota Kota, some sebeme based upon th use f T should b e earn ed 

out. It offers hope of rcTemag locally the present mmd towards increase in 
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the number of dangerous snail localities, which evists in Central Vnea today 
The adtantages which would accrue from r policj which tips the balance 
against the snail \ectors of schistosomiasis would be felt far betond the distnct 
boundaries 


, A Note on Tephrosia vogcht 

Tephrotia logclti Hook f is a perennial shrub reaching a height of 8 or 9 feet 
Allliough the /loners art usuallj white, red and purple rancties occur in some parts of 
the world Tlic leaves are long and narrow, varying in length from 1 to 3 mches, in 
breadth from E to J inch, of jellowish green colour, and wath a somewhat pungent 
odour The stems art hairj, ns are the pods The latter contain a large number of brown 
kidntj -shaped seeds w hich hav e a w hite hilum The plant grows cquallj w ell at sea lev cl 
or at 6,(H)0 feet and is casil) cultnated 

Tht plant is cultiv attd throughout Africa, cither casually or b> nv erme people for 
Its use ns a fish poison Usuallj the leaves arc used scparatclv for this purpose, but the 
pods are rtcogruzed to be more effective ahd arc sometimes used alone or with the leaves 
The common practice is to pound the leaves to a pulp to which is added sand or the flour 
of some ccrtal, the mixture being applied as uniformlj as possible to the water The 
drj leaves arc cquallv cfhcacious 

IIanriot (1907) examined specimens from the Comoro Islands, and found that the 
leaves contained a poisonous pnnaplc, tephrosm, a ciystallinc substance, melting at 
187" C , which IS practicallv insoluble in cold water The leaves also contained a volatile 
oil, tcphrosal, and an unclassified vcllovv substance Dclajed fatal effects on fish were 
dcmonstralcd vvith concentrations of tephrosm as lovv as 1 in 50 million In higher 
concentration, tlip fish turned over and died within an hour 

rhcsi results were largclj' confirmed bj workers at the Imperial Institute (1915), 
who analvscd F tvgiln from Rhodesia No evadence of contained alkaloidal or glucosidal 
substance was found In th.ir speamens the following percentage quantities were 
identified Icphrostn, 0 15 per cent crvstals, melting at 192^ C Tcphrosal, 0 00 per 
cent , a thief vdlow volatile oil Yellow substance, 0 05 per cent , crvstals melting at 
228 to 229’ Q qqji. <;ccds j iclded tw ice as much tephrosm as the Icav cs , they contamed 
the unknovvTi vellow suhslancc (Ml’ 22S to 229’ C ), and also a new vcllovv substance 
melting at 15S C , was isolated 

The possible public health uses of the fish poison have been investigated bj a number 
of workers sinev the publication of these reports Tht value of Tephrosta as a mosquito 
'^Tvieidi was noted bv ALones (1916) who found that the emulsion killed the larvae of 
■9 "Uhin 12 hours Cwvston (1928) suggested its application as a snail poison 

in /liz/mreiu contnd In WoitsLEV confimicd its value auamst mosquito larvae 

while in thi s line vear WtinvfN reported verification of its molluscicidal properties The 
insceticidal propertus of T ocr/ii were studied b> rvrrntsnEiu ft a! (1928, 193'» 
and thiv noted it^ strong repellent action to certain biting insect Holmvn (19-10) reported 
Us ctlietivc parasiticidal actign when used In natives against flea'' lice and ticks The 
• tlostiv related svihvanec, rotenone, is an effective sarcopticidc, and in 1942, v orkmu in 
nojjv ” 1 11 ^^ Riintv repnned that T logiltt Iiad similar properties Mo/Urv 
in 1 ^ tvici/ti in Ills investigations of the value ot poisonous plant' m Southern 

KtimUsn as snail ponons f) pile tnese investigations bv numerous vv or! ers th- re seems 
to have been li tic or no use made ot tbe insecticidal or mol'iiscicidal properties of the 
plant either m the fields of ignculture or of p-e cntive mctlicine 

Icports o 1 tin c'fect o'' T t oent on animals an. no numerous and thvv an s ima-vhal 
sain r- ictoiv Umu-iu (loi,) pomud out that persons w„din., m por nrd wa er to 
i nn J 1 th in 1 erner llv compla n of a nunabius' of the legs or o' a roughness o'" the 
‘ la hue vonsidetrd to be thus harmful to man in one localit cs tic same \ nlcr 

' i V irrc no ed th'l the leave-, an used fei'- their antisep ic pmp."ies a' dressing" fo- 
urs llvNUiOT (l‘vi7) foitad tha when nvcn orall, m d(‘scs 1 - hien "s 1 gramm-, tep'i- 
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ndn bKl ao «0Kt oo and h« Ootttl tabbh* cat di* Inre* wM) JrniwltT Win 

■tm by bypodamk iD)ectkci, bc yt r a r In don d 6-1 giMiiim ylct^ fatal coonMces 
aod paialyth waa pco docrd in both do(a aod rabbia. In hit p apt oo tba tw*i iL L t.t 
prup«rtjea et T refiS, Woolet atate* that tap^mttin b Don-paitQooat tn 

wtnga and anljuali.** The paaacnt arrita waa tmtKU to m« n i m the pnaeoce ci p«r— »_ 
thcab afta wadma io poboae d water twr wara any toxic «W« aotad to the coaaa of 
tnaCBcnt with tapcroaia rmnkio o of many caaca of acabkm. rfo in cf fe c ti w n a rnt fi tinl 
by foor Tohmtem who diank i pint f 1 i ^000 extract. The omiatiMi wa* raadwd 
that oo hTTufiil rffefeti aia to be espcoad in pforided dwt 
b cot exceeded ta the field. 


SUMAIARY 

1 Tbe retuJti sre gjm of a tnaQ a m re / in the Xoti Kota dutrkt of 
Nyitaiand. 

2. Tbe rexuln of ui biacctigEtioa Into the local incidence of uruar y 
acUxtoaomiatit in tbe dtatnet are ooied. 

3 Tbe Boall BMlam (Pkyiopas) gkitot* (Morclct) U incrinilnitcd u tbe 
intermedtxte boat of acbtttoaomlatb fat the area. 

4 Control methods are dtaettaaed. Umi] focb time m rural tanhahoo 
becomea more dcre J o p ed, tbe use of the eaailj cultmted hah poiaoo — Ttfimtt 
vtigtBs — at a mothiackide is adroetted. 
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COMPARATIVE MERITS OF STERNUM, SPLEEN AND 
LIVER PUNCTURES IN THE STUDY OF HUMAN 
VISCERAL LEISHMANIASIS 

BY 

EUTROPE A HO, 

TSUNG-HSIN SOONG 

AND I 

YUNG LI 

National Nortkioest Institute of Health {N LH , N H A , Lancliozo, China) 


For the diagnosis of kala-azar the most common methods nowadays 
employed are sternum, spleen and liver punctures The preference of one 
method to another vanes m the hands of each clinician and the diagnostic 
value of each is by no means definitely determined and agreed upon by 
them A study of their relative merits in detecting leishmania from 
patients pnor to, dunng and after antimony therapy, has therefore been 
undertaken by us 


Method of Study 

Patients suspected of visceral leishmaniasis are each examined by sternum ' 
and spleen punctures Occasionally liver puncture is added Being thus 
diagnosed, the patient is then treated with a course of urea-stibamine, the 
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toul do*e of which u 0-02 to 0-035 giummo per kg of bodfweight to be erarfy 
dmded into m weeUy or hi w eek ly dose* for lntr»\-ei}oo« iiycctioa Dunoj 
tbc pcnod of trcamiew ts well n «ubKquemly the pitient b cumloed 
pcnodjoUy for pcrettlence of lothnunial piroitee m bone miirow iplcen 
ind Drer 

The patkot toberaxnmedit Uldon hb back on ■nenmlnetion table. The 
lUn OTtr the epot cboieQ for the puncture b prepared with 2 5 per cent. ti«t. 
iodjoe gnd 7o per cent. iJcaboJ and the operation perfoiTBcd under ttrictly KcriJe 
technique. Hun •mean ere prepared from tnaue* obtuoed by aocceaeful 
ptmcturei, mined O'^ght • at^) and enrmned for letahmanu. 


TicnxiQur 

The method uaed b bnedy deacribed below 
(I) SnwTOw PoNcrott. 

Tb« rwedk toecl t« tb e r teae rf tumhT poacnir* Mdi* or h y y o dcnni c oeedk / 
1&-20 .caut* aHh ctykt atta ch ed. The a ammu b uiimd it the terr) ^ ibe eetood 
io te rooe u l apace Aim p ier d e n thnnsb tha fkai bmI nboitaMou* danxi. the nttdic. 
p e jHttua CTtfatr wuenorty or poetertodr t >o aoik of 45 to 90* with the *4^ n paihed 
wbh BKideTate fora bj dnOm m gre m eat tfam^h the w niuae c ortn of the rtermtm 
qb±£ 1 tbe murow ovitT U nached. mwa tfae marrow carwy ■ mched, wkkh b i^ktfd 
by (udden ytetdas ^ rtaraaoca to tha driSait nenOe iha et yb i n i T u i o ie d Ad 10 e.c 
or 20 M. ly nnc* attached to tbe oeedb The euan ow is espirmd adfa short Jerkac 
cw ie pj a i t antj n appeam rutt at tha prosmata ad of dia neddje Tbw am ba aceccB 
pdkbed by dbameetzay tbs ayrbiee frara tfae oredk aim ooa or tw aapbamu, and 
gb atrr m a ahe tbc i the m a j iow fitad ha* appearvd or not. it locks bloody and oOy cm 
tsmlDs wtdebh taaue<psitKita. 

(2) SrixiT* pCTtcTuai. 

The aba of cbe aplecn t* Ant de a n mu mj by palpatiDn An ordmaiy 2»-(wipa bypo- 
dermic oeedlr attached to 20 cx a>nn|r* ■ eu er te d ntsr coidieT the coataj narfbi slmr 
the BwldansTtudbia] ttt of the enlarnrd l■V)oralJ■h^ paard at one of the Istriccntal 

r xa, whm the etrjwn b barely palpa^h The opert u oo coostata of two rDcmcima 
fim, the p fc i e mn of akin, aubcotaneoi] naanc and mnacie a done with mnefa cltLbn»> 
tMO m *<T**y*. poBcturr of the ipkcn and wimcai a th the ayimd c durnf the rapid 
widklrswa] of die Dce^ b to be aoconpfaahed « thm U ac cot ab . Dunnff the aecond 
the panent W told atshar to hold hia breath tr pameton is raada dumi expfratim 
m CM of CTTmc wkb (ha oredb poaitia( astenorfy at an oela cf 45 to b) with 
the akm at a oomontd plane A avcoraafol puncture ail] )Kid aciiy toi} amount f 
tawot die mdk and no blood ahould appear m the a>noca 

t5> JjTDi Plncti n 

The twedle oaed m tfoa same as that used la tpleoi puncture Tbt DeoDa cctcri 

t the airlh or tat mih aim cnattl apace aion* the r<h arm nor amlUry lift* over tia bepa« 

iiiiiv.«M After pULM< thiouich tkm and aobaxtowou* tmua tha naedJe b [ftflbed 
throcth aaiack afcai* the upper bonier of the nb The In t* then pemetn red ejui^ 
and auctieai b rewda wilfa the attached synnxe d no* rapid wicfadmai of the neetlW 
ULa tha »pkea puncture, aoerratfol punctora wiD wld only iid> brt of hrpatie Uaaoa 
bukia tha needla 
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EXPERIMENTS AND RESEILTS 
(\) Detection of Leishmama by Sternum and Spleen Punctures 
1 - Pnor to Antimony Therapy — Sternum and spleen punctures were done 
m parallel in a series of 450 subsequently proven cases of kala-azar, and it was 
found that the former method was positive in 386 (85 8 per cent ) and the i 
latter in all but ten (97 6 per cent ) cases Three hundred and seventy-five 
(83 3 per cent ) patients revealed leishmamal parasites by both methods, and 
the rerpaimng seventy-five by either one of the two punctures sixty-four 
(14 2 per cent ) by spleen puncture only and eleven (2 4 per cent ) by sternum 
puncture only (Table I) Of the 375 cases, in which the parasites were found 
in both bone marrovi and spleen, 184 (49 1 per cent ) showed more parasites 


Table I 

DETECTION OF LEtSHMANIA IN 460 CASES OF KALA-IZAH Bl 
STERNUM AND SPLEEN PUNCTURE 


Number of patients 
exammed 

Results 

Both punctures Only sternum punc- ^ Onlj spleen punc- 

positite ture positive ture positive 

Number % ' Number % Number % 

460 

375 83 4 1 11 2 4 

1 

64 14 2 


and thirty-four (9 1 per cent ) less parasites in the spleen puncture smear than 
the sternum puncture smear, and the remaimng 157 (41 8 per cent ) revealed 
an approximately equal number of parasites by both methods (Table II) The 
bone marrow smears of the eleven patients, in whom only sternum puncture 
was positive, were each found to have only a few parasites, while many of the 
spleen smears prepared from the sixty-four patients, in whom only spleen 
puncture was positive, showed a large number It is evident that spleen puncture 
detects more positive r^es of kala-azar than sternum puncture and that positive 
smears prepared by ihe former method often revealed more parasites than 
those prepared by thi latter one 

2 During Anhincny Therapy — Two hundred and three cases were under 
study It was found that in 68 per cent leishmama disappeared from the 
bone marrow and spleen at about the same time after the same number of 
injections, while in the remaining 32 per cent there was some discrepancy in 
time for the disappearance of the parasites from these two organs (Table III) 
However, in a large majority of cases, once one of the two organs was cleared 
of leishmanial parasites, the other would invariably be rendered sterile after 
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one or two more iigecttona. There were about 5 per cent, of c*Miin whWi ibe 
•pleen wu no kiofer palpable when Uk aternuin puncture remained poahm 
or gnt became ncg at ire for Ichbnama. 

^ In another aenea of twentT'-oght caaca, in which lenfamanul pamhes were 
detected pnor to tbempj bj only one meth jdl eiUier iternmn or iplecn puncture, 
it was obaerred that parasites in these esses disappeared under treatment 
Ttij rapidl}' in most esses sfeer one or tmo injections snd m none did the 
parasites persist after the fourth ttqcction. Flare-up of paisshea in tbe bone 
Tn«r r.f of a patlcst Originally whb a negaure ster n ora puncture after one or 
two Irgectlons was also noticed in s few initances, but the parasites from such 
a patient would usually be eradicated after the fourth o^cctioCL 

3. A/Ur Compiftjow oj Amtmmy Tktrmpy —\ii a foDow-up of treated 
cases, sternum and tyJecn puncture were found to check up each other wy 
doaely It was obaerred that whcncrcr tbe spleen became nou-palpable, tbe 
stonum puncture was tbrsya negaure for lerahmania. In symptom-free 
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636 msKxnt trlsxs and uvn rujrcTU** 

three, hot it it not to certain as atcniam pooettme, etpedaHj tmee the bttcr 
can be rcpeateiDy tried wHhout risk at cue smioa We folly agreed Kith 
Natux that, although spleen puncture aboold not be performed cxrelesaiy hs 
dangers are much exaggerated. m rery anaenito patients In srhom the 

bleediog time trxs determined, no special precaution was taken by us m prcroit 
mg poat-opentire bleeding So far noaeddent or complication foikrwing ^jiten 
puncture has been cxtcotLOtered m our aenea of cases . It Is our fan p r esat oQ 
that if tbc second morctoem of the spleen ptioctnre can be pertormed properly 
and f}tnckly wnhm 1^ seconds, the danger of tearing the organ, vhiefa may 
cause fatal bleedm^ will be greatly dumdsbed. 

SUMMARV 

The relahTt ments of aternum, spleen and hm puncture m deteamg 
lershmanu from kria-tzar patknta, both before and ai^ urca-stlbamhifi ther ap y 
are dneuased, and the tcchruqae of cacb method is briefly described. 

In a aeries of 450 proven cases of Hls-arar swmuiD and spleen punctures 
were postire in 575 (83 3 per cent.), while s the rematnlng 75 casca Irishuants 
were revealed by enher ooe of tbe two methods — 84 by spleen puncture and 11 
by stermun puncture. In another senes of 121 cases, brer puncture ns 
added at the time. It ns fotmd thst spteoi ptincnErens positirem 118 
(97^ per cent.), steroam puncture in 108 (8^2 per cent.), and iieer puncture 
la 93 (78-9 per cent.). 

la 45 of 86 cases under ores-eubeoune tbersf 7 leiibmapa dH a p pesjcd 
from bone znanrow spleen and beer at about the tame tune after the tame 
number of injectcoos, as determined by meam of needle btopay while 
m the renumlng cases the parasites always disappeared firit from tbe 
irrer In another senes of 203 esses, in which ttenmm and spleen punctort 
were performed to tune the chssppearance of tbe partaitei, it was observed 
that the parasitca In 68 per cent esses disappeared from these two organs st 
about the same tlxDc after tbe same number of mjectvoes, but thoved tome 
{fiscreptney m tln»e for thor disippearincc m the re nia jmng 32 per cent cases. 

In foDowlng treated sternum and spleen puncture were found to 

check up etch other very dosrfy 
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AN ACCOUNT OF BLOOD COUNT RESULTS IN 
SIERRA LEONE 

DA 

MINNIE GOSDEN* 

Senior Pathologist (Colonial Medical Service), 

AND 

JOHN D REID, 

Pathologist (Colonial i\Iedical Service), 

From the Government Laboratory', Sierra Leone 


From 1943 until the early part of 1946, 1,035 complete red cell counts 
were done on adult Africans at the Government Laboratorj , Frcctoum White 
cell counts were also performed on 1,005 of the blood samples 

As records of blood counts in West Africa are scanty, it is considered 
that an analysis of these examinations might be of interest 

The pnmarj' aim in making tlus survey was to see how adult Afncaii 
blood standards compared with European “normals,” and to sec what types 
of anaemia Mere prevalent in Freetown 

All the blood samples i\ ere obtained from adult African men and women 
attending the Connaught Hospital, Freetown, and who were referred to the 
Laboratory for blood counts either because anaemia was suspected or because 
they complained of fechng “ run down” 

Unlike hospital patients in England, these patients came from all social 
grades, from semor officials dowm to paupers From the records available, 
it has not been possible to classify them according to their social scale This 
is probably an important factor, as the diet of the educated African is of a much 
higher standard than that of the labourer 

The records show what standards can be expected in Africans, and also 
what type of anaemia was present in and around Freetown durmg the period 
under review Durmg the M'ar years wages of labourers were high and the 
standard of living was possibly above the normal level 

It has not been possible to follow up individual cases of anaemia in detail 
Experience has shown that many of the anaemias do not respond to either 
iron or liver preparations alone, but require a combination of both These 
anaemias may be of the dimorphic type desenbed by Trowell (1943) in Uganda 

Methods ^All the examinations were done by one of us or by the Laboratory Super- 
mtendent Oxalated blood, by Wmtrobe’s method (1933), was used Red and white cell 
counts were done m the usual way Haemoglobin was estimated by the acid haematm 
method, using & Helhge haemoglobinometer which had a permanent glass standard, and 
was cahbrated m grammes per 100 c c (The disadvantages of the acid method are 


* Our thanks are due to Dr W P H Lightbody, Director bf Medical Services, 
Sierea Leone, for permission to pubhsh this paper, and to Mr S J Hawtin, formerly 
Laboratory Superintendent, for help with the techmeal work 
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ncocn^Md, but few a ro pg a oM dooe wHfa SahU bM o ogtobmcKnettr asl 
tmtntnmis in laa Id tbe AmiT labmtorlM a(Teed tvt 7 ck»d7 ao dart tba derm of emr 
If tiiTr ^ ptobablj' tCght) 

Tta HMD cotpuacukf TtikoM (MCA ) wa akodmd (ram the etC rtihnw obtKMd 
by centn/ufiiir the haernttpcrlt for M mJ c Kiw la v dacirio c mulf tye. 

Soled iTct fibn* vere alao rmoWd up to 24 boun kccr for cddooca of ^ 

the red ceQi. 

^.*n•al Suaderdt. — The oonnd Euiopm Kaodanb Kkipted Cor our nlT*k an 
thoM rfrm by Wrerrar hk) (1W2) They «t» o foflow* — 

Red celk 4 2 to milDoo per com. Mah ■T ea ^ 54 roJIkin, f«>TT«U 44 

mffttrwi ceOe 

Haexnarlabai 11 to 17 iituiiuea per 100 ex. Ma 1« rr anr e 164 yT M ini.-«_ 
trtre 1 ^7 f **11 

Mod arpuacokr haenwebbin AL(XH.) 27 to 33 yy A eojje t^-S yy 

XIe«D co c Mtenter rof u toe (\LCA ) 78 to tM ^ Ate tm i S€ c.p 

^Vfahe ecu* 1 to 1 1 exO* pTT emtp. 

r>d!adtkl coerntt Ne uuup fat! le u co c y i c* 33 to 75 per cent ; eonoopliib 0 to Op«r 
rent, lymphocytea 16 to 60 per cent, mooocyw 0 to P per cent 

Rfstn-Ts. 

Complete czxrmnatKm of red oelU tod haemogiobia nu nmed out oo 681 
idult Afirwan tnei tnd 377 women. Table* I n and 111 anmmaiixe the renlu. 

Wbte cell count* nere dace on did men and 359 woman Table 1\ 
ftimmaruei (beiEL 

Of the 681 meo, 26 per ceoL had red cell coonU of at leut 5 00(^000 ecQ* 
percinm. and 72 per cent, bad red ceO cotml* of at lent 1 000 000. Appron* 
rnately tw^tlurd* ^ tbe Utter bad normal yalue* for mean corputcular haeaiv 
gloHn (^LCJl-) and mean etrpuacular t-olume (AI C \ ). n« other third 
were defiaent in hiemo^bm in raryuig d eg re e* . 


Tnu L 

no ccx cotr>.T* '<o uiudcloct^ uaix*. 
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TADLh II 


RED CELL COUNTS ANT) llAEMOCLOnlN FE\L\LES 


R.bc 

Number 

Per 

Hb tn 

Number 

Per 1 

Per 

in 

of 

cent 

Rranimcs 

of 

cent 

cent 

rmllions 

counts 

counts 


counts 

counts 

sickbnc 

4 5-5 9 

139 

36 9 

15 + 

r. 

108 





14-14 0 

33 

23 7 





13-13 0 

36 

25 0 





' 11-12 0 

43 

31 0 





' 11- 

12 

8 0 

24 

4-4 4 

75 

19 9 

1 14-14 0 

3 

* 4 0 





’ 13-13 9 

0 

8 0 





11-12 9 

44 

‘ 5S 7 





11— 

12 

29 3 


3-3 9 

99 

26 2 

13 + 

1 

1 0 





9-12 9 

C4 

1 114 7 

31 




1 0- 

34 

> 34 3 


Under 3 

64 

17 

1 11-12 0 

> 

* \ 

3 1 





! 7-10 9 

28 

1 43 8 

44 




! 

34 

' 53 I 

1 



Table HI 

SUMMARY OF M.C H &, M C V MALE TOTAL CCJ 


R b 

MCH 


in 

27-32 /y 

27 yy > 

33 yy < 

78-94 

C 11 












Per 


Per 

1 

Per 

— 

Per 


Total 

Cent 

Total 

cent 

Total 

cent 

Total 

cent 

5 and over 

100 

61 0 

60 

38 4 




110 

04 0 

4-4 9 

196 

04 1 

90 

31 3 

14 

4 0 

194 

03 4 

3-3 9 

62 

56 0 

32 

29 3 

15 

13 8 

02 

50 9 

Under 3 

30 

48 7 

25 

33 8 

13 

17 6 

» 

39 2 


FEMALE TOTAL 377 


4 5-5 9 

89 

04 0 

47 

33 8 

4-4 4 

45 

60 0 

28 

37 4 

3-3 9 

54 

54 6 

33 

33 3 

Under 3 

32 

50 0 

24 

37 5 


MCV 


80 

57 5 

42 

1 58 0 

47 

47 5 

28 

43 8 



12 

8 


3 0 
12 1 
12 6 


1 1 
10 
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TliL PROITIX CONTEXT OF CFRFBROSPIXAL FLUID 
IX TR'iPXXOSOMIASIS 

IIA _ 

iv. u mil, Mt> (u)si>i, 

From the De^T*rr rrt cj Patf o1n*\ Kiri; / e itn t U ^\nl I ictorjfi 

Infir itr\, Nr''i<Jif/<'H>T(-T\> r 

UjiU R C ,OC Mfdtcnl RnnnchTfnu 11 rjf Ifnai Con miiiun 


F<;timation of lonl protein in the ccrchroApiml fluid in trjpinoAoiniasis is 
considered bj man\ authorities to be one of tbc best puidc^ to prognosip, a 
measure of progress during treatment, a inctliod of indicatiiip relapse or rein- 
fection and also of cure (‘stci, 1930 Zciitur, 1933, FAiuntiiis, 1934, 
Saunddls, 1944) 

Of the mane methods used in estimating the cerclirospmal fluid total 
protein, that of SiCAiin and Cantm oi nt (191G) enjots eonsiderablc populantt 
In this method the proteins are precipitated in a standard tube anti after standing 
for 5 hours the precipitate is read from the calibrations on tlic tube I’lic first 
dnision on the tube indicates a total protein of 22 mg per 100 c c , and according 
to SiCARD and Cantaloubl, such a protein content r to be considered as normal 
The second diMsion indicate a protein content of 40 mg per 100 cc, and 
these authors consider that anj cerebrospinal fluid gning a precipitate A\hosc 
heaght is more than one and a half dmsions (i r , aboee 30 mg per 100 c c ) 
IS grossly abnormal, and any between one and one and a half dmsions (t c , 
22 to 30 mg per 100 c c ) is suspicioush abnormal This is accepted bj the 
French Trjpanosomiasis Sen ice 

On the other hand, FAintiAinN (1934), using this method (and also pre- 
cipitation b> a watery' solution of picric acid) came to the conclusion that if 
the protein content was less than 30 mg per 100 c c , the prognosis was good, 
between 30 to 35 mg per 100 cc the prognosis w'as doubtful, and above 
35 mg per 100 c c it was vciy bad 
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A cotmclendoo of vluU u coraideretl tbe turmil proteui contenl c^cerebro- 
•puu] fiud by other totbontks (who are oot Dcceanrilj co o ct r o ed with try 
panoaomkAi) ts therefore of aome mtercst. 

Theae hare been taken at random from caaQy acceanblo aottrcci and 
methoda of determinaticn itated. Where the aotbon hare not tpeahed 
method by which their iKtnaal figorea were obtained, it bai been preaamed 
they were by the methodi deaerfbed m thefr pubhatiom. 


A«l«.v 


SgrmdCJLF 
pmela {« 
prrioe e. 

MimnA (1112) 

TortMionwTTic (P^iliBiwm liw ] 

is-ie 

Bi-ntaD ft OacvixLD (IfttI) 

(Mutm) 

M 

G«T (laao) 

(PinduumwA 

-to 

H.CTT»W (IIIB) 

(klwtmw) 

10-M 

Koa (1»U) 

(ftnlfilii—TiiTfli ') 

»-U 

Stttt rt ti (la+I) 

ft Ar«r) 


pjkKTwr ft tiluoAci 

( Scljifaewliicr Ur ) 

SO-U 

HufCai wi ft H -rret tltW) 

PlwJpttIttoa (Anfipri'i) 

90-U 

l^vocn* (1021) 

(NWt) 


Puim SrawAar (ll.4> 

(Ai/ftda) 

»-» 

ftteraM (I9M) 

(Sard ft Canttfeobr) 


Fnaefa 6«r\ n 

( ) 


Anker 

TurtadeoMCne (pmaxaeoMirT) 

>0-J8(W) 


Tbeac eatunaie* of the oorraal protein rerea] two linking featum — 

1 The Ttnability of the Imuta of normality gtren by the differert 
atilhon. 

2. ^Vhen the acne methodi arc toed, the extreme rarUhUity In the 
upper Innita of oonnaL 

Both of tbeae featorca depend on many factora, the main being the accuracy 
or degree of error of the method, and the pctioml factor in reading tbe retuhi. 

The moat t ec urat e method ta obviooiiy by tbe imcrokjeldBhl, but thu n 
impracticible for routine or 6dd work The Cdonmetric method of 
(Uu ind'Lnto, 1927) ta very accurate but u tlio fairly comphexted aod need* 
I pboto*electrK coloninetcr or photometer for rcadingx, oririg 01 c.c. cefebro- 
tpjoal fhilcL 

Generally ^p^^■^Tng for routine uae the tno mam methodi arc the TorU 
dometrK (or Opaaty method) and the Pmapnaiion method. 

In the latter method tbe bojht of a column of precipitcc can bo accur 
itdy roeaiurtd (though occcwnal fuxcneaa or tihmg of tbe akin ” lomelimei 
cauaei difBcuhy) whereat ra the Opacity method there it ahnya great mcfirWaal 
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.{(5- 3V-C - vtfnt of tii'l' vjit\ 1 O' unp’c. in iltr juth-'' - h!K)ni'>r\ , 
ihr'c Vva'- n o'c ihsn im , n n" ih>* pi.i'nno ur'cr, with ifitUIoMcc ir 
rv li IN 'he pTf^-hu-nn’ J.’f i (hMin nml I a ilnff-'r-nr of in 

miK'h AN S to I't iiir j'^r c t 5>r*vfrri »h 'c'cn* i t, ■ 7 > of th'- ''iinr 
•■pcv linen 

In ihi- IilIi'v o’" thn 'lie ftillisnin; cxpr'inifi r*- in ’m’i\r \ 'tnr' of 
CT'ci'^i-ni-.al ‘iunl* ue'e r\„Mi* -v! In fhrer t'l ‘c'c i’ nU r\rr u-it.p the 
nd Stc^ri5 2 nd Canvitonhe ineihi 5 >ruil mr-'n! '\ 



A \ \ I she It <1 c'.ji.f ten' '•( 5 ‘ih 1 1 1 ( 7 111 site I < of t lie ()piriv\ 

incvliotf iiul fin rc-nlo ft\ nic hod ■■)»<, t\cil tlir "rtiic \ -^ipproMin tinni to 
tho e t)u Sk mu) ntul C 'v 1 >,1 01 1 1 tnln 

In il! ( ri' hnttver th''('pTr)i\ i tr'hotl 2p]>' ir-- to p\c protnn cmilt iit 
>tl crrif rn pnul Ihiui one nnd 1 hitf to tun tiini priittr tli in h\ the I’rcci- 
p t ilion method 

fill litter ficior (\ Ill'll v< ftmnd run t inil\ to on m ) 1 \cr\ itiipori int 
III th'i L L 'stN of tnpino oilin'-) nJnre the proittn c'lntt nt h\ the Opuitv 
incthod n found to h ht tween t() ind lo mp per Uttt e 1 Sneh i pro tin 
lontent .letordinj to Sli \F'I> ntd ( intmihiii i oro --Iv ihnorin il trid .ittord 
ing to f AiRtfAtttN nnd Sit ' u , Im ' t (mi propno t \\ litre n tci onlmf' to (>iil i 
and others, it n witlnn normtl Imnt'' or ptrlnp , it the worst it tlie iip('(i 
omit of norimi 
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PlOTtl* DT CZXmomXAL flXriD 1> TXTrA.'COSOMUSlS 


From tbc«e remits, from a penn*] of tbe Dteratore and pcnooa] experkoce, 
the author is of the opmlon (I) that tbe Skard and Cantiloube method b 
rdstrrely tbe more accurate method of tbe two ™ni types used in roouae 
work, in that rt pv cs a preaphate which can be measur^ by a rukr ratlur 
than an otmiatloD of optttity (2) that it would be well If ttobon vbo refer 
to tbe protem content in the cercbroapinal flmd would tpedfy the method of 
cstiipatioo used. 


Sosouar 

1 Tbe two coalman methods of eadmauoQ of total proton in the ccrehro- 
spinal fluid are the Preapitxtion (Stcard and Cantaloubc) and TurbldoDKtnc 
(Opacity) methoda, 

2. Experience m tbe autbor'a laborxtory tbows that the remha giren by 
the Opaoty method tend to be one and a half to two timea those giren by tbe 
Preoprtation method. 

^ As a cohrmo of preapttalc can be measured oq i faoesr scale in tbe 
former method, thii impDes the duninadon of the penocial Jbetor in the all* 
mstKm, and therefore commends itself 

4. A perosal of the literature desbog with the ncarnsl total protein contest 
of eertbroapuial fluid reresis (a) a wide Tiristioe of this eatuasUoo with 
different aotbors and (b) tbe vanablLty of the opper Imuis of tronnsl tnisg 
tbe tame methods by different authors. 

It is therefore, ru^forted that aotbors should ahrays speafy the metbodi 
used in their estimatioQs. 
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THE SURGICAL TREATMENT OF THE LARGE 
ELEPHANTOID SCROTUM 

BY ' 

A C LOVETT-CAMPBELL, l n c p S. s e , 
f Formerly Colonial Hledical Service, Nigeria 


The large clephantoid scrotum often provides better opportunity for 
satisfactory cosmetic results than certain smaller ones Because of the down- 
ward traction exerted by the weight of a large tumour, the loosely attached 
healthy lower abdominal skin and Camper’s fascia descend like an apron over 
pubis and perns (Figs 1 fa), 2 and 3) This thin, supple vascular sheet of 
iho-pubic skin and fascia, whose lymph channels are also unimpaired, provide 
an excellent anterior flap for refashiomng the scrotum All tumour tissue and 
scrotal skin below its well defined limits of descent are excised (Figs Ic, 
4 and 5) 

Outside the confines of the apron, the scrotal integument is usually hyper- 
trophied and indurated as high up as its perineal attachments After excision 
of the dependent tumour mass, the antenor apron is drawn over the perineum, 
to which it IS underslung Its edges are sutured to the perineal margins, so 
covenng a roughly triangular area, whose apex is directed to the perineal body 
(Fig 6) A circular aperture in the anterior flap provides emergence for the 
penis (Fig 7) The base of the preserved penile skin is sutured to the edges 
of the aperture (Fig 8) 

In refashionmg the scrotum by this method, it is desirable to utilize as 
much apron as possible and— as first remarked — the more massive the tumour 
the greater the expanse of apron 

Attempts at artistry in attaimng to perfect symmetry between apposed 
edges are usually disappointing, one reason being that the larger anterior flap, 
designed to acquire a mainly spheroidal contour, has to be accommodated 


SOCICAL TIEAnttXT OF P rp gt-’TTOTD JOKTrOU 


M6 

wfthin the extctiog Imxita of • •maH trtto|;xiUr tpace. In fulatHring a tphert 
ttttpeoded frewn triangular tctachmoau, f-3Ung it the wjtnre Hoc b unamH- 
tble. OoW timt, gntity tuA tl* fostenn^ pr ewu re of tbe thjgtn, wiD efltce 
rrdimdaoaci and retttre ztomul 

Scetjedh rcrucallT courting Tcasds from tbe pcnneal branebe* of ibe 
external tnd iiuernil pubtt anene«» aappljvng tbe penaetl margina, tre (Drided 
too prcmmtlh to crrtnre t tafe amatomoen at mttire lerel Cootequendr if 
bj dint of miKh fuucky rojppiog and ocmon cf already vaacnlafly impaired 
edge* eauha ap p e ar inunedlcety tatlffactory this hard won ijuim c l f y too 
often gitea nar a day or ao later to margntal aloogba, araing tbnmgh poor 
raaculantr Edget gape and aubaequentlT hare to undergo alow uoloo by 
grairulat on Recutu ultonatclj ta good or e\-CQ better are obUioed br (ooae 
approximation of «^n m argin a. (Fig &) 

The Mood rtippfy of tbe aotenor apreo of abdomina] afan la bflaicraDy 
den 'cd, ctuefiy frotn brutebea of the anp^or epigaatne and inferior epigattne 
■neriet a v.en u from the deep cgoondlffi aricnes wboae cutaneoua bneoebea 
rasuft bon ootaliy and lootculate oiediaBy ’I\j* resdm tbe arts in idbd 
&ap it* generoui nae u b in ty b pm e ntd because the boruotffal tnemoD, 
nude at tbe oommeocer u e n t of the epefition to nnse tbe fiap ha* not cut acroaa 
tbe direct on of cmau e um Teoch (Fig*. 1 (i) and (e) ). 

Both cord* sod tcatkles tre heed from tbeir auTroundizig triacbmenu 
tnthin tbe (crotuni. Large brdroede* may hare to be dcah with before replace 
ment nithin tbe newly EasHoned acroto m . After Ugatore of mam Tesfcb, 
muh pJc bleeding pof^ anting after release of the tourniquet arc rapidly 
sealed by elednc cautenfatfon. 

On completion of tbe operailoa. tmlU /rar ttnp* are ipphcd to the wound 
edge* tnd ample dry gttrre and wool dre*«tigi, firmly bandaged, *rc super 
imposed. They are left for 5 day* when Obnou* Kwkage twully necmiute* 
tbar remoeiL From thli tin»e onward* daaly hypertomc talloc hip-bathi 
quickly resotre mtrgual aloogb*. 

A acnatal plaster ca*t, moulded at operation and lined with hUU/rts now 
replace* tbe former dretriogi. Thl* corobmc* eren pr e nu r c with comfertaHe 
auppoft, and l» changed ar often a* la peccaaary *o trading repealed ureKWM 
bandaging An apron of oiled ailk f* mom |Q front orw the catt to prereo^ 
aotbng by unne. 

Spnal analgewa with p cr cam e u rerr dactorT in tin* type of operation. 

Tbe end photograph iD itratei the resuh of an operation In IKIS earned 
out by tin* roetW. The excised scrotal tumour weighed 76 Ib. 




Fig 1 (a) — Showing down- 
ward traction of the lower 
abdominal skin over pubis and 
penis caused by a massive 
scrotal tumourweighmg 76 lb 


Fig I (b) — Show mg the rich 
anastomosis of cutaneous ves- 
sels m the frontal apron of 
skin which becomes the main 
scrotal flap 


Fig 1 (c) — Two convergmg 
mcisions are made from the 
lower lateral borders of the 
frontal flap They join below 
at an apex m the mid Ime, 
from which the incision is 
earned downwards along the 
axis of the buned penis 
Postenorly the mcision en- 
circles the scrotum near its 
penneal attachments 


To face Page 646 





tra\*er»c4 base of the h^thy ilio-pubic *tan apron 
didding It from the indurated integument of the nuun 
tumour mai* below 





FlO 7 — Showinc (a) The ontenor akin flap »utu 
the penneil acrotal marpn posteriorly 
(b) Emerpence of the pcnii throuph the a p erture 
free edpes of the restored penile aian will be eutured 
edge* of the aperture 
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PLAGUE CONTROLLED IN HAIFA 
BY THE USE OF DDT ALONE 

BY 

j s McKenzie pollock, mb, ch b , 

'Department of Health, Goveritment of Palestine 


Widespread plague epidemics have been known from time immemorial 
They have spread and ravished whole Continents Populations fleeing from 
smitten cities have earned the disease with them Ignorant, as they were, of 
its method of spread, they were powerless to combat it Our knowledge now 
, IS such that we know where to attack the cycle of the disease at its weakest 
point modern science has given us the means of attack Although it is too 
early yet to draw any final conclusion from the use of DDT, sulphadiazine 
and streptomycin against plague, reports published so far make us hope that 
the world has seen its last widespread plague epidemic 

For many centuries plague has been known in Haifa Detailed accounts 
are available since the British occupation in 1919 The constant finding of 
plague-infected rats proves that plague is endemic in this part of Palestine 
The following plague-mfected rats recorded in the past few years illustrates 
this point — 


Infected rats 


1941 

49 

1942 

31 

1943 

Nil 

1944 

157 

1945 

32 

1946 

6 

1947 (All in Juh ) 

236 


The actual number of positive rats is in all probabilitj much highet than 
the figures Mould indicate because the test rat catchers employed trap over a 
wide area and concentrate on representative catches as opposed to large-scale 
extermination In Maj, 1947, an unfortunate circumstance made it necessary 
to employ the test rat catchers on other duties and so m the outbreak about 
to be described the first human case of plague had occurred before we were 
aware that an epizootic was present m the rat population 
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Hcfa Is an Ideal location for « large rodent popolahon to thnre. The 
preaence of tbe old aty ao doae to the port area, with large grain and food 
atocea in the (nmedotc naraty makes rat eTtenreractioo a fonradable problem 
and bnngi the p r eaen ce of plague wttluo 100 metrei of the port area, tina 
preaertlng a problem of Intemttioaal intereat. 

The old dty of Haifa grew up in Turkuh tlmea and iia coottmakm a 
t>ptctl of the older parti of any Eattcrn McditeiTaaean town. DweHlof*, 
ihopa and food atorea open off ti^ crowded courtytrda wbero little airrahioe 
can percolate. Each bmldlag ha* k* dark, damp baaement. Many ot tl^ae 
at the preaent moment. In new of the acute hotmng ihortaje, are u*ed for 
dwrihug porpoaca. At man)' aa four families may occupy a baaement room of 
8 by 6 metrta. 'Hie old Turkiah aewige ayaiem ii the one itDl uted. Tlni 
conauta of a mam pared acwtr running from one end of the old aty to tbe 
other It vanes m beng^it and breadth from 2 mctris by 1 metre to 1 by ^ metre 
From May tjU Noremher there is neter more than 30 cm of 6ujd to the mini 
cbasneL Tire aides are ibetoed, fanning ideal ist nma and br ee di ng place* 
Lateral conocxiona drain from the various grnupa of courtyards. IIk length 
of tbe sewer ts apprcvicncely 4 km. utcluding lateral conncxlofia. In many 
tostancea the roof of the sewer ta the Sag atone* piav'lDg the baaement daelllngf, 
vluch tn broken and grre easy acceaa for rata. On account of tbe narroir 
nature of tbe ttreeta and the labyrinth cou r l yird conneneru, Karenging Id 
the old Qty t* a difficult task rod pOea of rrfuae form ideal feeding greusds 
for rets In these Ides] curroundinga tbe rat infestation is extmoely beaiy 
R*ttui sorc g f a» r is tbe predomincDt rype in the whole of Haifa loiter ten. 
It is imeresting to note that R. torcegtats u dfficrtlt to find outside the Ureo 
boundaries where R raitus it to the mayonty 

The port of Hctfi Is of modem constnx^loo hanng been compleled lo 
1932. TIm port area itself tf surrounded hr the oaual transit theda and behind 
these are commercial store* induding gram and food sixes. Tbe dd 
aty comes to within 50 metrre of these food itorc*. The modem part of 
Haifa ha* grown up all nnmd tbe old city area, Lrunediaiely behind i* ihkily 
pwjjulated Hadar HacsTmel. and to the w«l tbe old city merge* into tbe rets 
dentul German colony To the esst n the mduitnal arts with it* Urge oil 
inttalUdaDa. 

Flagne starting in the old aty of Ilafs haa the danger of itamedunc spread 
to tbe rest of the town. Pecamc of the bulk of ocomiDg commncial traffic 
through Haifa there U tbe danger of spread to tbe rest of tbe country and w 
tbe countne* bcyosid. Syria, Lebanon, Tranajxdan and Irici all receive goods 
which hare passed through tbe port of Haifa, Bbpa Icsrc Haifa for *D p«rt» 
of tbe world, and so intemabona! spread u a real danger 

On the 26th June, 1947 a case of bubonic plague was adrmaed to the 
Covemment Hxpltal Unfa, and tbe man died 2 dara later \s a resuh of thu. 
•peomen rat trepptog wsa instituted throughout the whole of Haifa. On the lit 
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July the second human case of plague was admitted shmving no common factor 
to the first case It was decided to start full-scale plague precautions, and after 
consideration a campaign was planned along the following lines 

1 Immediate measures 

(a) To break the rat-flea-man chain at its weakest point by attacking 
the flea with DDT 

(b) To limit the spread to other parts of Palestine and to take all 
precautionary measures to keep infected rats from boarding ships in Haifa 
harbour 

2 Intermediate measures 

Intermediate measures directed mainly against the rats 

3 Long-term measures 

This article iv^ll deal mainly with (1) because the immediate steps taken 
gave results which were dramatic beyond our expectations In previous out- 
breaks thousands of pounds w'ere spent m Haifa on anti-plague measures, 
yet the disease ran an uninterrupted course starting in the early summer and 
finishing with the advent of the rains m December The present outbreak 
had every appearance of being explosive in nature, more explosive than any 
previously reported in this part of the world Fourteen bactenologically proved 
cases of plague, bubonic in type, w^ere isolated in the Government Hospital, 
Haifa, in the first S days of July In only two of these cases could a common 
living and working place factor be found As well as these, six clinically 
suspicious cases were isolated but were never bactenologicallj' proved positive 
It was decided in the first phase to concentrate on laying down a DD I 
barrier between rat and man The adage for our campaign was, “ Widen the 
rat-man gap and attack within that gap ” The affected area w as dn ided into 
file sectors \ senior sanitary inspector was put m charge of each sector 
Tach inspector hid working under him a DDT team lajing down 5 per cent 
residual spray using the Four Oaks knapsack spraier Each squad had attached 
to it a number of labourers to clear impedimenta in order that the residual 
spray could get at dark corners and along walls liable to be rat runw’aj's All 
basements, ground floors, streets, allcj-wajs and courtyards were thus treated 
This procedure was got under waj on the 2nd Julj , the da> after the appearance 
of the second case A sixth team w^as formed to act as a mobile squad to go 
into action in the immediate surroundings of suspected plague cases This 
squad was instructed to gi\e heavy residual spray to the house and work- 
place of each suspected case, and to work in an e\er-increasing circle round 
, these localities 500 gallons of DDT, 5 per cent residual sprav, were thus 
laid down daih 

\ propaganda campaign was instituted, using newspapers and radio Ihc 
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PUkCCl B1 DDT 


popolatjoc wt» jnstnicted to t*ie pcnmu) pmautfocuTT- metiure* 
beifig Htien by Sen, Thev were to u*e DDT both rewdtul fprty id 

tbttr hou»« and 10 per cart. duKing powder for thar penoci. Sufficient 
wipplic* of tbe« were «\-«iUWt la ibe open naiHret On the 4th July doJtinj 
centre* were *« op to the affected area 10 per cent DDT dusttoj powder 
WM applied m theae centre* by ualng poncr-dnvtn com pr e aa or blower*, TTrc 
centre* became very popoltr wrth the lower das* Arab pcpoUtioa, foctuoaiely 
enoogh became t w** the) who rrtre the mhabftama of the affcaed are**, 
In the fint 10 dayi, 30,000 pertoa* were doated in tbcac centra — 

The emsa in Hn/a Town m IW7 appeared as foQowa 


June 2Sth 

1 caae. 

Julv lit 

1 caae; 

2nd 

1 c*>c. CommmcrrDent of DDT campaim. 

4th 

5 caae*. 

» 5th 

2 caae*. 

7ih 

4 c*»e*. 

Sth 

1 caae. 

„ 19th 

1 caae. 

Total 

16 


Seven day* ifte the cotnmencnMnt of the estenurt DDT g*mpfc| a, 
(here wea a ludden ceaiatioo buotan caae*, altboocb the epizootic tmenf the 
nt* ccctiooed tneb unabated ae ver tt^’ The foJlcmtnf table ahont tbe miaber 
of potrtire rata agacnit the total numto of rata nazmned m the Uboratory — 


Dll* 

1M7 

Towl 


Rnak 


tib«1tC^ 

Pn> 

Net, 

Dmmpbwi 

Job i“® 

IB 

1 


1 

11 

ICK- 

61 

SB 

J 


f 

JS 

13 

31 

5^- 7 

T» 

31 

37 


•-Aq 3 

ai 


43 


Auf *-1 

0* 



• 

II IT 


NU 


4 


In the early day* of tbe campaign a limited mount of anU plag« raenfie 

oofy wa» arailablc Tina wa* ccnlurred for person* who had been in immedtare 
contact with plague caaea, ataff emplored on antfpligue dirt«a and trareDer* 
leaTjuf Paleftioe. The epsdernk had coroe under ccaitrol before aofficKirt 
atocka were iT^ltblc to carry out wbotenle mm mzation *o ft waa not thought 
oecea aa ry to cany tin* out. 
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In the first 3 days of July the Xenopsylla cJieopts inde\ ^^as in the region 
of 3 In the 3 days from the 10th to 13th July the indev had fallen to less than 
’ one flea per rat among rats caught in the affected area (These figures are based 
on examination carried out by semi-skilled staff only ) 

The cessation of human cases coincided so markedly with the extensive 
DDT programme that w'e must conclude that this was the agent responsible 
The cessation of the epidemic was so dramatic that we have looked for some 
other factor that may have coincided, but without success The epizootic 
continued There was no sudden climatic change, the temperature and 
humidity remained normal for the time of the year and no rain fell during the 
whole of July 

The ease with which plague can spread outside the affected locality is 
illustrated by the fact that between the 15th and 18th July, four cases of plague, 
one of them fatal before admission to hospital, appeared in the workers of a 
flour mill 30 km from Haifa Gram had been transported daily from Haifa 
to this mill An extensive DDT and rat extermination programme in the 
mill and nearby village of Affula brought this localized outbreak to an end 
In order to mimmize this type of spread the following measures were carried 
out All lorries transporting grain and flour ivere compelled to load at one 
of six controlled loading centres An inspector checked each sack before 
loading If the sack was damaged a thin skewer was passed through it many 
times to locate the possible presence of rats The sack was then repaired before 
loading This brought to light the fact that a surprising number of rats can 
be transported inside grain sacks In one instance a rat’s nest was found under 
the driver’s seat in a lorry constantly used for transportation of gram Prior 
to loading all lornes were dusted with 10 per cent DDT dusting powder 
On being satisfied that a lorry was rat-free, a certificate was issued by the 
inspector The co-operation of “police road patrols ensured the checking of 
valid certificates on the exit roads from Haifa 

Because of the busy nature of the port of Haifa, very special measures 
had to be instituted to ensure that no positive rat got on board ships lying 
alongside A permanent patrol ensured that all ropes connecting ship to quay 
were fitted with an efficient rat guard Gangways were only allowed during 
hours, of daylight Loading and unloading of ships was only permitted by day 
Only the captain of the ship was allowed to come ashore Stevedores and others 
were dusted with DDT powder before going on board ship 

The following illustrates how important it was to insist on the strict 
comphance of these precautionary measures A ship entenng Haifa on inspec- 
tion was found to be heavily infested with rats An order was given that this 
ship should be de-ratized by cyamde gas before taking on its cargo The ship 
came alongside the quay for 2 hours before being tied up at the breakwater 
for the de-ratization On inspection, after the gas had been employed, 123 
dead rats were found One of these proved to be heavily ihfected with plague 
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piAcp* covraoi bt Ddt 


durdnitt tbc ptrtbcilofica} f*ctor tbc fiMzabert of tUi jrroup were to be pm 
• namber of cocnpound glacooe and aodiom chlofick tableU, ><rnrt«r to that (be 
fint groap 'ren re c riT io g A toffiacat quantity of ftrcptocajan m iniUUc 
for tbe treatment of ao 7 pomble caaea ftom tbe aecood groap ] iappQf circurn^ 
(tXDCca made it impoaaible to carry out tha experimeot owing to the loddefi 
ctaastioQ of caaea. 

Id order to orgtmxe atan on a cxrspjdfD of tbia type aomc daya mott 
oormalty’ elapae. Equipmeot, nipplici and peiaonnd are addom immediately 
at band. Wc were forumate m Ilaifa at tbe commencement of tbb ootbretk 
h) baring tbe complete co-operatkm of a well equipped and tappbed Armr 
formatioo. AVithin 24 boar* of tbe appcariocc of the aecood exae of boxuan 
plague. Four Oaka aprayera lo aufficicnt oumben were made arailable. Prac 
licaHy unGimted stocka of DDT were readily at hand. Trantd Army penoontl 
were made available to crala tbe local workcra. 

It «ta tboa poMible to caxcb tbc outbreak at lU abtolute cocn n ien cem ect 
Such IiToarible drcumrtancea muat addom prcaect tbcmaelTta. 

The drainwaotial endcocc produced in thji outbreak would indicate 
that by uamg DDT aa tbe firat boe of attack, together aith a modbied cordem 
aanhtire,'' ral ertmuostiaci, while impcatani, may take leecedaiy place ami 
shoold tie planned on a foog term cantlnooua pr e v e Dtative bam 
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RESULTS OF AN INVESTIGATION OF THE THERAPEUTIC 
ACTION OF PALUDRINE AND PAMAQUIN ON ACUTE 
ATTACKS OF BENIGN TERTIAN MALARIA* 

BY 

J F MONK, B M , B CH , 

Recently Specialist Phvsiaan, R A M C 


Previous investigations have demonstrated that the addition of pamaquin 
to any therapeutic regime is an important factor in reducing the relapse rate 
in benign tertian malaria The expected relapse rate, following treatment 
with paludnne alone for 10 to 14 days, is betw'een 35 and 40 per cent In this 
paper a report is given of the therapeutic effects of paludnne and pamaquin 
given concurrently to patients suffering from infection with Plasmodium vtvax 
The work was carried out by an Army malana research team at the Royal Herbert 
Hospital, Woolwich, between October, 1945, and August, 1946 

Clinical Material 

The patients treated dunng the investigation were all soldiers returned 
to the Umted Kingdom from India, Assam, Burma and the Malay Pemnsula 
Approximately one-third of the cases were suffenng from relapsing benign 
tertian malana, the remainder presenting with a primary attack All had had 
, previous supplressive mepacrine therapy, and the great majority had discontinued 
mepacnne 4 or 5 weeks before admission to hospital Patients who had had 
antimalana treatment within 2 weeks of being admitted, were excluded from 
the series Only those cases which exhibited the clinical signs of overt malaria, 
and in which there was no evidence of a spontaneous remission occumng, 
were used in the investigation 

The degree of infection of the peripheral blood was measured in all cases 
The parasites were counted against 100 to 200 leucocytes in a thick, evenly 

• This work was earned out at the instigation of the Malana Sub-Committee of the 
Medical Research Council I wish to acknowledge permission from the Under Secretary 
OF State for War, the War Office (AMD 10), for permission to pubhsh this paper , 
to Dr J Innes for much helpful advice , and to J C B Fenton and P B Wood for 
their work on the biochemical estimations, I wish to express my gratitude Paludnne 
was supplied by Impenal Chemical (Pharmaceuticals), Ltd 
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T/a.xjMjn AMD MatA(2trct ix >t maiaxia 


spread Uood film, and estunxted £rom tfae total leucocyte coooL The stairaox 
method troployed 'wt* a roodificfcacn of Fitld"* sodii ■a.nh lEJute Lcj*W«n 
csHxWertUjn as deacribed by Fextoh tod licm (1W5). 

DOSAOX. 

Afier preliminary toxraty trials, the foUotno^ course seta decided upoo — 
Course Pfk, Pahidnnc, 2S0 mg asd paicaquin, 10 mg 8 bouriy for 10 

days. 

This srat ccotraOed by tbe folfoviof staodard course — 

Course QP Qumme 10 grams and pamaqum, 10 mg 8 bouriy for 10 

days. 

Random aamptlng throu^mut tbe itmsUgaDoc ms xsaured by pbdttg 
patients alterna t ely ca Comae P/X and Course QP 


Tasls L 

■«nans Of TsaiTm 



1 1 

Twsl cantWr 1 


i_ 

Cow. 

tdtmn 
trwwnL | 

Pnmrr 

ktCrctictts 

fUUfao. 

P/T 

i 17** 

S3 

Ill 

QP 

1 , 

at 

Ki3 


tactaitm «Wv(n c«t% msitd •• Coun* P/N iTartu 
wucsT tT«k. 


PalodruK and pamatpun were gi eo orally to tablet form. Qatnuic was 
pven m a solotiaa cootauung 10 gruoa of the sulphate to tbe fiotd ounce. 

TtenAFnrnc EmcT 

Rapid cljnictl cute was pro d o ce d in all cases on both thmpeubc regunts 
when judged by tbe rate oi dnappearance of parasitca from the p^pbertl 
blood and tbe redoettoo of the pyrexia. 

The STerage daratioo of asexual parautattma in fifty-three case* treated 
wrtb Course P/\ was 1-85 days, and n sixty fire ciacs on Cwrac QP »as 

1 5 djyi 

The differtftcc m tbe duratjoo of tempexsture oo both coorses was found 
to be more significant, the n ef ig e n 179 exses treated with Ciroae P/\ bonj 

2 1 dira yhcf cs a m 168 cases on Couree QP tbe figure was I 44 dsys. Thi* 
beirs out tbe duuod obaenation that the occurroKe of a ngor expeaed 24 
hours sftcr tbe coraincncetiieot of tbciapr was uauxUy prertnted by Ctwrie QP 
whereas Coarse PA rarely did more than motfify ts sereritT 
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" „f cases 

TOXIC of s,„ detectable 

ns xsere encountered in ^ a cbn'C^ developed 

Toxic ^63 obserx'cd cases, cl patient 

Course Q^* . gastro- '"'"f Ten^ devdopS’ malaria 

cyanosis J^'^d pam m "®^,Scrapy T’his patient ^de-effects 

SsS?sable.o*^«"X,'S^^^ 

,,,.as considered ^ attacK observed 

,,Vnlst convalesccn negligiW<= sixty-tbrcc out o 

referable to . gns were encounter Symptoms o of 

cases"'(^%"\"J^ordtn t £ Pp^^/to^Ta^ng pV^U 

™°"Mo°e s=t,ous «T'?rd“y"a"^ ““''“''iTauigi^' (““Tte 

-->«HS5SHib;;S5=5-S^ 

by other patien s 

._ „.T»rrrioNS 


TAaLE 111 

^ -mrlC heactionb 

incidence OFTOXIC 


Course | 

Incidence of 
cyanosis 

?l'^ 

QP 

1 Per cent 


Incidence of 

pastnc symptom'’ 



TAUTDICCE ASD FJOfACfCCS n B7 VXUiMlX 

uniitceiuly except m i tingle c»e to ifitconnnue tbempy tnd do IH-effecti 
hsre been reporr^ tt t rexuZt of perntiiog {n trextmcnL 

Dunng the uiTcttigtUocct plaon }cnU of pxrraqtnn tnd pthidrlne «ert 
otimxted m ■ tale* of c«set. The tmigt pfxsma paludrine were fonod 
to be no higher tb>n coenpartUe figures obtained during a course of palodrme 
gTTca alooe In 500 mg do«ea 12 bourly for 14 day* (ADiux ti a4, lOlS), The 
jdaama ptamaqom Irrcli, on the otba hand were abenm to be tipiificaaUy 
higher dunng Course P/\ than those obtaiDcd during Course QP Inde- 
pendent eYpenmentt dcffionatratcd that paludnne haa an action aiiiinar to 
mepaotse in that it dlftplaces pamaquln hw the tiaraea. Since do tigruficint 
toxic resctions nere reported od the paludrioe regime mentiooed abore (Anua 
ft •L, 1945), h a e e mi probable that the above tone manifest atiooa can be axnbed 
TO pamaqoio alone. 

Uiioary eraaioattant nere made on all cases tboning toxic reacbonx, but 
in DO esse endence of baexnoglobinuna or methsexooglohanuru detected 
It should, bowever be noted that none of tbe pjatjcnu treated belonged to the 
darfc-aiatmed races in sbocn uitn nactilar laemoljsii appears to be more 
preralent during the admtmstraaoa of such drugs as pamaqina. 

FoLum OP JtoPrTs. 

The rcfulu of treatroest creahownin Table ]\ Patiesrts acre orcolxoxed 
6 toomha after diieharge from heapnal and rephea re ea te d frocn orer 90 per 
cent of ctsei treated. The tab! iDdodea for cotopanaon the reauhs let a aeries 
of cases treated at IVooisicfa nrth pamaquin alone (Coarse P pama qum 10 mg 
8 honriy for 10 days) and with pahidnne alone ( Course 11 \ psludrioe 250 mg 
12 hourly for 10 dxys). The rdapse rate is expressed both as a percentage of 
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4 The dottge of 250 mg of p«ludniK 8 hoarty ii eooudcred too bijth 
to be girm coticurrtntly with 10 mg of ptmaqum, wnce equtlly locceufol 
trextTDent it ttuiood with conudcrtbly lowvr do^ which pc^ucc oeflipUe 
toxic retctiottt. 
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Table tl incidence of toxic reactions 



i 

1 

Number of cases 

1 

Towl number of 


1 

show mg toxic signs 

’ cases show mg 

Course 

Coses treated | 



— 1 toxic signs 




j Gastnc 

' 

- 4 


Cj-anosis 

clismrbances 


SN 

28 

7 (28%) 

7 (28%) 

11 (44%) 

Q/SN 

20 

12 (40%) 

S (30%) 

13 (50%) 

QP 

163 

11 (7%) 

8 (5“.,) 

18(11%) 

P/X 

170 

30 (18%) 

4 t (25%) 

63 (37%) 

P 

20 

Nil 

1 (3 5%) 

1 (3 -.%) 

H/X 

' 24 

Nil 

1 (4“n) 

1 1 (4%) 


by gastric disturbances Nausea and anore'aa were marked, and there was 
complaint from several patients of epigastric pain and flatulence One patient 
on Course Q/SN developed cyanosis on the 4th day of treatment, and by the 
6th day there was marked tenderness under the right costal margin, nausea, 
anorexia, and central abdominal pain of a sharp and continuous nature The 
liver M'as not palpable, and the urine showed no abnormality At the same time 
the temperature rose above 102° F , although the patient had been apyrevia] 
for the previous 5 days The peripheral blood remained free from parasites 
These signs and symptoms, except for the cyanosis, had disappeared mthin 
48 hours of discontinuing treatment, and did not reappear dunng the subsequent 
administration of a 6-day course of quimne and pamaquin The cyanosis 
gradually faded during administration of the latter course The clinical evidence 
in this case pointed to some hepatic disturbance as well as gastro-intestinal 
upset 

Schmidt et al (1945) showed that the toxicity of pentaqum in monkeys 
was approximately one-quarter that of pamaquin In man it appears to be 
more than half as toxic whether given alone or with quimne Alving (1946), 
however, treated patients with a course similar to Course Q/SN for 14 days, 
and has reported very few toxic reactions Loeb(1946) concludes that “the 
daily dose of 60 mg should not be exceeded ” It appears from this series that 
60 mg per day is probably too high a dosage for routine treatment Extensive 
and controlled therapeutic trials will be necessary before an optimum dosage 
of pentaqum can be recommended 

Plasma Levels 

The plasma levels of pentaqum were estimated on fourteen cases treated 
with Course SN and ten cases treated with Course Q/SN The method used 
was a modified form of that described for pamaquin by Brodie et al (1945) 

^Vhen the plasma level is measured after a single dose of 20 mg pentaqmn. 
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3rd or 4th day of treatment A stable plasma pamaqum level is not reached 
until about the 8th day of treatment > ' 

This last point is probably of considerable importance Pamaqum is ' 
readily broken down and rapidly disappears from the penpheral circulation 
when given at 8 hourly intervals It is probable that significant amounts are 
not present, in the plasma 8 hours after the last dose until towards the end of a 
' 10- day course of treatment This is indicated by the fact that on the average 
a stable pamaqum level is not reached m the plasma until about the 7th or 8th 
day of treatment, as shown by the flattemng-out of the curve m the graph 
This conclusion is also supported by the figures obtamed from individual cases 
Pentaqum, on the other hand, probably reaches a stable level m the plasma 
as early as the 3rd day and certainly by the 4th day of treatment It therefore 
follows that a significant amount of the latter drug is maintained m the plasma 
between the 8 hourly doses for a penod of 4 or 5 days longer than is the case 
with pamaqum 

TTiat it IS so maintained is also demonstrated by the fact that although it is 
readily broken down and rapidly disappears from the plasma dunng the mitial 
admimstrations, it is yet recoverable from the penpheral circulation for a con- 
siderable penod after discontinuing treatment In one case detectable amounts 
were present 4 days after the last dose had been given, and m a large percentage ' 
of cases, after 48 hours The plasma rarely shows significant amounts of 
pamaqum to be present longer than 36 hours after discontinuing treatment with 
quinine and pamaqum 

If, therefore, it is assumed that a stable level of the drug m the plasma 
indicates a stable level m the tissues, and that this latter fact is of importance 
in obtaining a radical cure of bemgn tertian malana, then pentaqum would appear 
to have an obvious advantage over pamaqmn when the drugs are admimstered 
at 8 hourly intervals 

Follow-up Results 

The results of treatment are shown m Table III Patients were circulanzed 
6 months after discharge from hospital, and the relapse r^te obtamed has been 
expressed both as a percentage of the total number of cases treated, and as 
a percentage of the number of cases successfully followed up 

It will be seen from Table III that Courses SN and Q/SN give a smaller 
relapse rate than any of the other courses shown The figures of cases treated 
are small so that the degrees of success of the various regimes are not strictly 
comparable The results do, however, suggest that extensive trials with 
pentaqum may prove considerably more successful than other treatments yet 
tned on a large scale It should also be noted that the strains of Plasmodtum 
viva\ causing the attacks were from the same geographical areas for all six 
courses 

The relapse rate estimated for Course Q/SN is probably misleadingly high 
The worst possible interpretation was placed on the replies received from the 
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QUININE BY CONTINUOUS INTRAVENOUS DRIP IN 
THE TREATMENT OF ACUTE FALCIPARUM MALARIA 

BY 

JOHN H STRAHAN, mb,bch,bsc,dph,dtm S:h, 

Malaria Reiearch Officer, InsiiUite for Medical Research, Kuala Lumpur, Malaya , 
and formerly Lt -Col , R AM C , Malanologist, Malaya Command * 


During the years of the Japanese occupation of Malaya, the writer had the 
opportunity of treating, observing or scrutinizing the case records of nearly 
two thousand cases of acute Plasmodium falciparum malaria in the malnourished 
Bntish, Australian and Dutch prisoners of war in Changi, Singapore 

Treatment was based on quinine followed, as long as stocks were sufficient, 
by atebnn and plasmoquine Severe infections received quimne by intra- 
muscular or intravenous injection For the first years, intravenous quinine 
was given almost entirely by standard methods, but for the last year there 
was a change over to a continuous intravenous drip techmque This change, 
adopted on account of fatalities apparently related to the standard intravenous 
technique in use, ivas associated with the recovery of cases which under standard 
treatment we should have regarded as hopeless 

This paper records clinical and parasitdlogical details of fifteen cases treated 
by this drip technique 

Intravenous Quinine, February, 1942, to September, 1944 

There were approximately 1,000 admissions to hospital for acute falciparum 
malaria during the penod February, 1942, to September, 1944 The majonty 
of these cases occurred in 1942 in one of the worst periods of malnutrition 
No record is available of the number of intravenous injections which were 
given, but it was small The quimne solution for injection contained 1 gram 

* This paper is published with the permission of the Director of Medical Services, 
South-East Asia Land Forces The author wshes to acknowledge the help and co- 
operation of Lt -Col W A Bye, A-A M C , Consultant Physician , Major R Dick 
A A M C , and Capt T Wilson, R A M C , and the laboratory staff 
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(b) TECHNIQUE* 

Apparatus — Soluvac or vacolite gravity flask, with drip regulator, and 
tied-in cannula 

Vehde — Stenl'e normal sahne, sometimes with an intravenous preparation 
of thiamm added 

Dosage — 2 grammes of quinine bihydrochlonde m 24 hours , 0 5 to 0 66 
gramme per litre 

Rate of flow j — 30 to 40 drops per minute 

Site of mjectwn — Long saphenqus vein at ankle, to allow use of arms , 
leg placed on short back splint with footpiece to immobilize foot 

Case Records 

The parasitological and climcal details of the fifteen cases so treated are 
set out in Table II 

The dnp was continued for 12 hours to 4 days, dependmg on the seventy 
of the mfection, the condition of the patient and as expenence gave confidence 
in the method The advantages of tlus method were — 

(a) The ease with which it could be combined with other treatment 
For instance, m Cases 2 and 7, 600 cc of blood were given for gross 
anaemia In Cases 7, 10, 11 and 14, thiamin was given for actual or suspected 
deficiency, and in Case 12, on the 3rd day of treatment, for acute cardiac 
benben 

(b) The certamty of complete absorption in any case In the state of 
malnutrition of many cases, failure to absorb drugs was a real danger 

(c) The certainty of a constant safe concentration of quimne without 
nsk of degradation products reducing its efficiency 

(d) The absence of unpleasant general effects 
The disadvantage was — 

(a) Some mild phlebitis of the vein when the cannula was in sttu for 
2 to 3 days, with nsk of severe septic phlebitis 

THE RECOVERY OF HYPERINFECTIONS WITH CONTINUOUS INTRAVENOUS 
QUININE DRIP THERAPY . 

Field (1937), in an analysis of parasite counts made on the 1st day of treat- 
ment in a senes of 750 cases of acute falaparum malaria, concluded that the 
extreme limit of tolerance of Asiatic adults for Malayan strams of P falaparum, 
seemed to be in the region of three-quarters of a million parasites per c mm 
of peripheral blood Further observations by the same author in a series 
of 2,000 cases record no recovery where the count exceeded this figure 

• The writer is indebted to Major R Dick, A A M C , for this descnption 
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(Fnus tmpuldsbed). la tbe ama of ca*e> ncnr under difcuitJon h wiH be 
antked that Ct»ei 8 10 aad 13 inth ccunta of 600/)00 to 1,240,000 pvtata 
per tmnL, recorered froin theif *tt*ck, *Jtboogh in Cue 13 death mperrtned 
w ■ remit of lejm* a conaunt danger under the preTaUlng cooditioca. 

CoifMEim. 

For tbe last quarter of • centu ry the faS of bfood praure, tjaodated with 
i D tr i Tcp c uB ia^ecticm qt^ae, the dontiao of the cardiac depreaajoQ and the 
oeccaaity to contr ol the injcctioos by blood pr e » are ohaerratlooa when the 
general cocdidoo u poor ^ the blood p feaa ur e low hare been recogotzed. 
(McCAjutnccf and CotKWtLL, 1919) Hnuo aad ^Is^'£SWAa (1944) report 
that in fourteen of twen ty fora matana patjenta who were gircn a total of 
2*86 gramiTK of qumme by a daily ifitrartftoaa injection in 10 c.c. of water 
errer 5 doya nryocardtal LffiptErment (measured by dectro ear dio g f ain reacfingi) 
appeared after tbe fifth injection. Depreaaioci of the R-T aegmest and the 
reduction or tbe abolitKin of the T ware b abo recorded (TTrr mna, 1931). The 
mechanism of the dreuktory depreanon caused by qnmioe ta disoioed by 
Dkeokicr aad HiKrr.rc (19^ who remark that kt aenona caaea of coUtpae 
In man, the cardac pcasooing cwiy be irterenifcJe and tH treatmeoU may be 
of no araE. They record as lateRsUftg bat unexpdsoed cficct of thisxcte as 
an astagoedst tn quudne depnadoa. ‘Tlset la rtasoo to beben that the ladi 
of thixedn in tbe camp diet pimd aome part m the inatabilfty cf the esdio- 
T»cular ryatem. Pt Hwm i of war wm la a state of •end'etarTation. thtsmte 
and protein deftoeoey The etrdJonrascidar system mo unatahle and l^Tpo* 
tenaton na general. Tbcr; were auddeo deaths due to drcolatory faHore m 
of dirantc croax infection and other diaeaaca, deaths which are addom 
Been under nonnal coiKbticns and which are outside tbe scope of tbia paper 

A sumlar opencncc of the dangerous effect of intrarcoous qmmne 
tioo is recorded from tbe General llospttal, Colombo, donng tbe great epidemic 
of 1935 ( 0 £ So-TA, 1935). The aw oc u tion of atarratjon anth maltna was a 
feature of thU epidemic, and ii was found that mirarcnoiis quiisoe was contrt' 
indicated where the systoTiC p rea sur e was bdow 90 mm. Hg (FnurtWDO and 
aAKDABAlAOUA, 1935) 

Many w t ak era hare used succeaafuOy ictrarenous quinine in Ugh dnation 
in Dormal or glucose stfine in the tre atm ent of pcmnoiis malaria (jAUia, 1913 
\\iicirr 1915 Tnoit-ti and STDENmnnE*, 1938 SmMCw aad SAnoriL, 
1943 Fm Hdok, prm* and Honuoo, 1944). These v.ockers used doses 
of Irtan O-fe to 2-0 granunt* \o 250 to 500 c-t, or more gi te n slowly s»d la 
some cases repeated at 6 to 8 boor laterrals tiD penuaous symptoms had 
djwppetred and oral therapy could be started Dr R. B. Hawo, one tune 
Prufesaor of Mediotie, Smpipofe taught stndenu to give into the ankk Ttm, 
controOed by a d p, qolnmc 0-66 graimnc in 1 pint of nonnal sahnt once only 
to cerebral -casea. LemUT (194^ adTOcates qmnme 0-4 gramro* in 1 pii* of 
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Fixixnx OF 'fB>Aitsraxxuan w kalaxu 


were good faciUtic* for nucrotcopic <ij*gQo*u. The dance* of fre*h iafecrfoo 
*t tiw time wlicn the mjectiora trerr fim and aftemrd* were B«ied 

oa the population «t nik and the uddence of new lofcctioin in tbb amj 
Dearif doted community the chance of re-infectiacn Is any one mooth ranged 
fniro 1 in 85 to 1 in 1,500. 

Tlie later nrai btatory of tbeae two^ cues u thovn m the tccoiopaoyiog 
figure. Kinetcen of the twe nty infection* hdd their own with acarcely i npple 
in the rdtptc rhythm. 



Twtatr owe* of rfm mdaris treated witli two l a j i ctfan i tt 


— ReUpatngP rrrwr malaria b one of the minor bat troableaooM 
legaoe* of war Many thoutanda of caaes will ptM throogfa the hoapitab of 
Great Britain and Aoisrica orer the ocxl few yean. They will be giren 
drug* and dreg cotnbinadooa In great ranety We lre*t that the fortnne of 
those who pin theif fsth oe aeo-siapbenamine will be better than oora. 
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darwatr of Iwt mon In the PilAototuu a the male genjuha, do rxxa deter 
tmnatlon can be made from femalet tlooe. The final ditporitioQ of ihtte 
ipecuneni has not been detcrmineA Uux (1923) ctate* that dumif a rcctm 
nett to Pijnn (preeamdsly during 1022), Dr St»oso placed hie AjUccuob 
at 017 (h*p<^ and ileo leaned for frcah apecnnens, birt fartber czimple* were 
not eecured. He foc» on to *ay that abonly after hie mum to Anttrafie, 
Dr Sraowo coDcctcd and ecot hnn one female frocn Papua. TTib epc&meo 
w*e not deecribed btrt Trae found to be doecly abied to female* of the fim epertc* 
to be deecnbed from Auetralia. P tjmttmlojub Hill, 1923 

Ae far sa can be detenmned, no further colkctioos of phlcbototnoe lare 
been reported from thb part of the Pacific mth the exception of tboae nude 



Pro. 1 TWitrrtmp tb* ue* f the frean •etMol bwnb (lemlode dapeseer) in cisQetdet 
phVboecmie. 

in Aostnlia (TO'Ctoi*, 1935) Australian and Amtncan Army medlca! men 
were, tbeirfcor greadr iniereated when it wae shown in 1944 that phlebototnta 
is ■ppartmly very prerakni m \cw Guinea and neighbouring Winds. 


CotuccTKr* Maraosa. 

Hiwno ctm cbmos the day adulu at ^tebotoDSa aaek ra rietr cf 

rating ptem -t fa «taA comm aod iwar th* ceilwya « boddraw «od. oa tba p ookK 
fa fa roue w*IW axia r euu w annnal Wmwn boOow me*, deep creen 

in tfa* toil «vJ on m* bcitrease*. Eerbtr iUan fW5) t epor ud that tobacco wn« 
k of arm rtlue at ec ei c hfac denone theltcn Sntoi^i amra th* Mnddw* to tncp e* m 
thi» iw e ai tbtmech «. and urejJomJ r duTli tfacir rea cuau maim* tijera tmr to c«cb. 

la ktie to tfw wntm « e*rty IW4 Hzano •uorcmd that tba iumrit « 
Guinea tnaclit pnree to b* fertfli haboatin which to eoOact pbfabotrann*. Daring 
1W4 the fim speefa*™ wet* coOrcted Oobodnra, r**pu*, McmiOg wboceo ecnoM 

into tbe tita bd sbown fa Fig. 1 
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AMomm n xrcr ctrixxA 
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btmdred ttndSe* id the set of bitlog tbem. It }t natooMbh to e ip cct thit 
sooe fono* &om Uie \vn Gvnseajofigfe wQ] do UlcenriM. 

IVhst rale, if anj pUebotomtn m «7 in dlaeaie ttinaniiirioa in Ner 
QiiifieartiodwfotfararattncBotoreTtad- In riwr of the apcneoce of titx^ 
vidi ferera abort duration tod tbe abnndtnce of ttoxldKi the problem intnf 
rtomD an open one. Stndd; fem bn not been rtpeeted from AustnSt. 
Howmr Hnx (1923), la hb ptper dctcobing tbe fint tpedea from Aottrtla. 
P putmlftii triHct, * Tltf oceuntnee of tome undetermined feren io 
North Auatnlit fwtin^liy m ge tt t tbe poMibility of dipterous iotermedierk* 
occomog T TUMigtr tltf fanmeront tpectes of QurooomJdte, P t j eho t B dte and 
SuBuEdac, bat to &x no erideow bu been obttined Co iocrimimue any of tbeae 
p, !... Tbe tpede# detcribed in tbit paper bo welWeTdoped bltiaf 

HKJOtbpou la both toco tad u, tbertfoee, t potent*! ditene carrier ” It 
wo reported by ToMHOrt (1605) that tbe Aujtnfian ^>ede* P kttxjSSs doo 
feed CQ human Wood. At fir *» etn be determined, H ho not been Incriatinited 
la (Baeoe tnmam Jt aon. 

Concernins tbe poatlWe pretence of tandfly ferer in tbe Piflflc, it o< 
imaat to rarf Fainu i ptper (IMfl. w wluci bo n*n to " tHo 

Mantnen ibre Nttur nnd Getddcbte. a publication of \oo PaoWAD* ( 1913 )- 
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SAanmEs xy nnr ctrcoA 


•pcciilmon. Extemrc coQccdoai m tbe Pta/ic and 1 orcfol ttudy of •pedtDoa 
mty ereotaaOj ^dd mformation that n hjgUj dgnificant wHh regard to the 
CTOlotKm of noea or tpedci of an toaect. 

SWniARl 

8pedci of PUrioCoatcj at yet aodcacribed, Nrcre coDected at v{ckty 
•epanted Army boe* hi New Gtooca and on Islandi many m3es front the 
coaft of New Goioca. The role played by tbcae aandfbes In. the IranttntttKn 
of doeaae waa not determined. A npid method for Collecting tandibet that 
loTtdra UK of an loKctkide dcapenacr b deacrlbcd. 
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CORRESPONDENCE. 


ACRIFLAYINE IN THE TREATMENT OF 
SCHISTOSOMIASIS 

To the Editor, Transactions of the Royal Society of Tropical Medicine and 

Hygiene 

Sir, 

In. these Transaction'; (Vol 28, No 3, p 277) A C Fisher described the 
use of acnflatine m the treatment of intestiml schistosomiasis in the Stanley- 
ville district of the Belgian Congo He treated forty nine cases with acriflai me 
and found that in forty three cases, examination at the completion of his 
5-day course showed only degenerate ova m the stools After several months 
he found that out of thirty four cases he was able to follow up seicnteen 
cases had become negative 

Recently, in Salisbury, Southern Rhodesia, with the assistance of Dr D M 
Blair and the permission of the Medical Director, seven patients were treated 
wath acnflavine, who were sufEenng from Schistosoma haematobium and 
S mansom infections Four cases had S haematobium, and three S haematobium 
and S mansom infections These cases were adolescent school children and 
ranged m weight from 36 5 kg to 65 kg They were all examined prior to being 
treated and found to be passing viable eggs They w'cre giv'en the same dose as 
Fisher used, namely a total dose of 0 01 gramme per kg body weight given 
as five equal daily doses of 2 per cent acnflavine They received this dose 
each day at 3 p m , 3 hours after their midday meal Dunng'the course of 
treatment none complained of any ill effects and they appeared to have no 
toxic symptoms 

The unne and faeces of these patients were examined immediately after 
cessation of treatment, and for 2 months after treatment had ended, at monthly 
intervals At the end of treatment one of the cases with S haematobium 
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roMmwDCfai: 


mfomon hid c ca icd to \liWc tgg» at I raomh ifter trcatiDent the amt 
paTicDt mnaiord Mjame and one patroit with an S mamorn Infcctioa «ai 
DOW DcgidTe at 1 mcnthi afttr a caU Dcot the patient with the ^uermefotHm 
Jnfectioo rnnalned Qej;ttirebQi the rt*e with the mansoTu Infectknbad begun 
to »bow egg* in the faecca again. 

Mlhough thc»c cue* could not be followed for longer thin 2 OKCth* 
the»c finding* differ from tho*e reported by Fi<s» in that mon of hi* cue* 
became n e ga ti re immedutdy after manncDt. He wa» tjwng caaei of intesonal 
tdunoaoenbuDi ai he had do cue* of eakal •chmowxniai^ tinder hit care. 
In tht* tmaH Krici where etcry cue bad rcucal fchutowxnia^ the cffca of 
aciiflanne wu ftjund to be abnoct mgllgibk ooJv one caw imalning cured 
after month* 

I am. etc:, 

Natkoai Inalrtutc for Medical Rewarch. W F Rota. 

Hampttead. N WJ 
8/h Dfcfmhfr 1W7 
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At tti« intatint of ^ Socktr brU n KUnaoa House on Idtfa Pcbnary chr 
feOowin* tvth* andxUtes w»r* Wcted FcQo* of th* Bncktr — 

BqAJUM, J F R. (VEDicoX BoKtos Aires 

Em, J TWaoL, »cd (roKcboX »ciua (u-ta) Siftria. 

FAmroa, Dot. J B-, vaxJL, ljlc r > »ns > NJgerl*. 

Ftto, R_ uju, caa, (edpcX njJt (wmrtTrwEAKDX S, Afrret. 

Gavldo, R D cra. (ca« tokr). St^M. (*TTWATT»mU<C) 8 Afnct. 

Kn-vm, Atrsxa, ux (ATUEKtX Oresve 
Lwctil, £n^^i uj» (Ttreo,) 

Ntormn, Rixm, u K (u>'<l>) 3<}usdren Letdr^ RA.F 
Okuxi. F C., « cn- (WTnrAmnLOoX M<d»ca} Inspector Miltrk. 8 Afrk*. 

PtAcoct, P N B lu ot A B. {esM TOWiO M«B^ ImpcctTH MsWii, 8- Afric*. 
Sttvakd 1am 8 AU^, 013. (UXDt) Iran. 

ITT O F O.B-E Al B B.CR., B A O (DOBUNX 1XT.AC St H (tNO X Msls> L 


At jnrton* of the Aoncty heU t The R/9T*1 Attay MetBca] CoOcfe JUiDbreik, 
8^^ ] OD IMi March, 1^48 foSimtiif (Bcniy-ieren oi^ldsJes mere eto ae j FcOm 
of the Soaefy 

AMiL>Mmiu, St ten. R, ua-.b A c (on) L3.yp & $ (ca^u.) EcTpc 
A*tiai*r* J C, •CD. (fAiLux t) Penfuey 
Ckaxco, Pfdbo P icp (MJrummX PfaflippMe*. 

CwoAv Ccft Kok, t_v femunnv) Mcew(tnn«. 

DncAWL Cinumio mj 3 (uzneoX C S A. 

Dooirci^ Lt n A„ SCO (ltm) Pem 
Fajoaam FAtu.AU.** 3 u D (cir*ncrAX Itm. 

FtATtAOcTH, Euc ALJcvr uo. i-uttA_ nouib Afnc*. 

Gut, J H MC V CH D T u A H. <« tru ATntt. Ko) South ACnct. 

Guocr, Miior B u ». (CALctmrA) IJXALC 
Goecuixt, Draco B v n. (usxtco) Mraro 

H-STit, G T M 0-B.K V C mjb. • cn tuo i nj tv X KuiyB. 
l i.mt- n CtrtiTAKroci R M. *lik ( Atist Seseit*) 

JtaUKO SttATTS } M D (pmUTWtt) PMtpjrw^a 
Kjlloccjt Jotn ^ mo. (foire* »»,»«) 3 Itau) D.SA 

Md^cemLEA, John Dmxib, b. ( aettuou) aj m t (rr loci*) Labem. 

MaOJXD R C-, M3- CH t-, D.E M. iciAf ) DTU A I (cso ) Scodsnd. 

MATWt. P K- t-M e (KAOiut) IndM. 

Ram. Jaoat u t- ila. (tAXGooNl Bumts 

R VAW, A. S MJl ( AOHOAO) Imi 

Raxio, S A- D33 M. fccDAMX O-T^f A H (UT X Sudsa 

Rrtm. E. J »3- ALD (irrawB) Libem. 

Scott D vid m3, »oi (cuttab) o r m A n. (lit ) Ootd Coaer 

Surm. RoBtiTT Lmtr. uo. (illtaouX USA 

Tomt, Fi*xa*<do, m-el (uotco) Mmeo 

Uti. M- B a, t>^ M B- BJ {Af*B(*«X BJocrUoee 

WoBdn, J Mtc*Ati-MB, t.(ioVDXvucr (iojid.) Fjiytsnft 
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NEW BOOKS RECEI\'ED 

frmm tfcf a VidLtnitj \fJ4 n «vi i< 

PrtncMon UritTrotj Pw**, 

Utxurj tf Sf*auh (in two roll.). Br Jo*rt D Covm. Lmdimt Tlw 

W Qmrw IDuoricsI Medical Mutcum 

Tat onJ a xf j tn On Tpgt byW Sa^idv Ctmoca. Lankin N ttionaJ A*wci». 
twn for dw Pm-tmioa of Tubmulotla. 


^\AR DAAtACED LIBRARIES POST WAR RESTORATION 

F«Qow* wiH b« nrtAniflt •erriem » ibe Soc;i«(y If fS*y let u m to Hoom 

woj nambvTi of tba Tkamcnom wfakb tfa«7 do noc wwb to ko tth — partKahriy my 
aumbm f Vo toma <fi 

Tba Cottoefl wkfaai to tfc-tok rh o»> mho harm ilraad mpc an J ed by retonwn 

eo ptto of tfao Tiawkwnow. 


PfIOTOSTAT SER\ JCE. 

T Mp P«Ikm oftheSoonr ho caB&m rcaddy obtam •cccM t ow djca l fifnod)qIi 
wid ^wmu, <nio(nn«nti bn bun mad* to <opp]y Ptwtaatst cofdr* of ptpm 

By coanety of the Dean aad C ot m dl of dw Lcndoo Scboof nf Knpetw wad Ttofacd 
MedtdM tbe Lchnnr of cba Schoof ha» bee& ptacsd art our dkpnaal foe tbb pespoae. 
Copw* enB be tnadt irf Photoam Ijcrutrd. 

Fdkm WiH be adetd to pay only tha am>al roar of pewparaat the Pbotoatn eepy 
Tbe mb i bo mn cbarp b la. per pat« coptcd (aar ^ ilf) biit pncr bat «ifl ba aeot 
oe raqiMt. 

Applcatro (fartold ba made o the Seceaury Royal fl o oety of Tropkal NUdaeea 
cad Hy^koa btacaao Houaa, **6 Patted Ptea W 1 fortot t>* eama of jounwl, 
Tofma and pa«a tuanber of tbe attack laguired. Coopkto pape n or iprtiSed p o rtiea 
of paper onn Im aupptef, but e the tamr one hrad ayrtjvcocoa rmM be fhtn. 


rOUBTH DrmUA'nONALCOVQRCOEIOITBOPICALlIZDIClJrEAJrD HALABIA 
Tbcaa C o qgr ea a e a wtU ba brU in Waahtotntn U fnaa lUth to IBth May, 
FcBowi aiaesdlnf to ba ptracm are netad to notify tbe ft e cr it ar y at Manwo Haoar 
Sn thrnlcr^ Ptea, London. H I 

Foe further partacukrt, tea cheae TktHa*cTio’<a, Aof. 41 Vu 1 pj*c ar 
IKa pwfi m of (be Socaety announced f ZChh bf llffB t bteam (louar Kn 
barn cajwtkd. 


|«IUTmO IHFOBlIAnOM COVTXHCfCX. 

Tbe Royal &x»ty fwa arraoced. Crm tar June to Sad July 194S, Sonttfic 
Infomatiaai Confaroca tn Lendoa. 

Tbm Confertaor «1C ba attended by lepreaMtatTrea of ujuntfiM proeldaia inform*' 
Ml t eff kf i in EoaUih, BanwK tfaa countnaa of the Bm>b Comrncenrealth and tba 
Uotted Statu of Amerka. 

The SecMtt aaal EdiW«-iiweh>ef aia » fofknn — 

BeeDoe 1 PubOcxMi and dwrnfeaabcn f papen rrponm ongatal won. 

Ptvimtof} D BMr<AL, .u 
Sactton 1 Aiwtiartni* Srrraeaa. Sir D TB CiUDWiCE. 

Secmn? Iwlaxfcif «»d oAer Itbrary armcea. D / E. Ifot-wraou. 

Scckm 4 Rmewa, Assnud Reporti ate. Pnfcmot H. Mrvao Pox, juk. 

AppbtotKO for tkketi of adrotiainn abould be laadc at wm»R before lit 
tha Aaat#t*itS«irt*ry Tba Royd Society Bartmfapn Hooae LaKKe. W 1 fnra «bnm 
fimher partieoXw cf the ConfcTBOa may ate ba obtakiad. 
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KDITORIAL MOnCES 

Pipm nbcoJttAd bt pubbcadon ki tbm Tumifrun ahouU b« Mct to tbt HtL 
SMTttKria Uabiob Hmo SQ, Forttaai Plua Loato WJ 

Tb* cobmiHMD of naaw for p uUwatkn wlD b* uodavtood to faaofr tl»t ttbcAraJ 
to dd* {cunuJ tlOD*, 

If •cuiXetl for fw b B odo Q. tb« eopfiicfat of pap«n hrorow tiw pitppcrtT of ibo 
Sooety tbay may b« t*-«ibGahod by of 4 )» Coaoei^ prorUod diM 

•cluowUdfmeiit Iw ix»^ of tfadr hcrioc b tb« TKAMAcmn. 

Papon tfaookL if yjntbh, bt typvwnttta} dsay tboold b« tcncMr vnUa vxb 
■lUect mtTf r Vyc aPy (tmctfcd tad mA~diridmi.\ wfdi refleratcea Md abt a rri t facw 
in Q« {mo dcaaioed bekn* and -* tb nuUcatScaa of tba poaoSoo. b tb* tot, cf Bhatn- 
tlaMrnUM, ntapa. etc. 

TUf* ilxnM M M brief u conifteBt «hb datiTy tnd b naany »-■««■ tba Tiba if 
papCT ti rrthMwa-d by ibort nnmuiy at mL 

Tapmtxn ebai^ Cnphi end Anwtnn tboob ba, if po^albK b lod^ fak cb 
B riitof board l witfa datifi c ia wiU a l latmbff larte o wgti to ba daariy kfBda Jtm 
rtdoctkio if nectiaaiy fWeite' ta p«»dl )f lettorbx oa drawbf ii to Ht op nd 
ptiiila d.) 
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The pTTJCtuo which d«mni« ihe itacDon d£ the acihnal body^ to Intiwo 
by the maUiu panudtt »re of both ROMil »nd ipedhc natort. Cemin gcuml 
pt i jcemn. rich a* anoxaemia, are commoo to tfl owuc reaakm*, CWct are 
more »p«Jfic to the particular or^n under cenftdcratiott. 

The bauc pbcoorocna ctourmcd to the eroludoc of malarial tiuDc chanja 
are of two kuMis, thoae which progrcas moie or IcM ctJmnmotaly tbrou^ 
oot the diaeaae, and thoie which are initiated by the tchfarigo a y o£ the para 
dtt, and occur Intemuttently Of the fonncr the mo« mpartam are 
anoxaemia and certain raactdar and dmilttory dlxturbancta. The latter 
of cDurac arc the pbenotnciu ataoaated with the appearance of paroxywni cr 
ihdi etjoiTalcm. 

Anoxaemia In malaria anacs from pulmocary Canon and froco faaon 
directly affecting ihfc crythrocytea. 

Change! In pulramary rentOatiOD and blood artnlatloa occur in all fonni 
of fercre malaria mteftte dilatadon and fayper a cmla of the leptal capULtrlcr. 
and a gerteraJ •lowing of the polmociary cxmiladon throuji^ the dOated 
engor g ed \cneh often •efiooaly Impair the oxygenadtai of the cimilariDg 
erythrocyte* (Smz, 1W6). 

Of grearer general ngtuficance, hcmeirr b the ncoable rednakei of 
cryth t oeyte nurDben bnwghl about by the dorroetten of pandnifd cefli 
It ftponlaticn, and tbe conaurmt {yds of pan lined and unpanndxtd cdh 
alike. The oxygerv-arrytng capaaty of tbe bkwd K ndcced In propo n lo a and 
in tf ert ai o arcumitaocei tlw de gre e of ancoaetnla so produced may be soScs- 
ently ^erere to domloare (be paibological pentre and canre death- Sudi 
anercKTHu rmilrfng from erythrocyte dewriKticm alone has. for fajstaocc been 
cnn<»deTcd tbe cau^ of death In ;^geoaj mfecred with PUmotfium nSciirm 
(Hrix, W2) lodirealy mefa factors as the InhUnon of the escape of rctiaJo- 
enrs from the bone marrow during dmically actnc malaria, bate abo a decided 
tfiect on the degree of anoxaerou dereloped ^ce they Influence the derelop- 
TOent of anaemia (Tmrosom-NcoMAjcH 1W4 Ga-AsoroA, 1945^ 

The lotarion of ertant ervthrocrte' In a gi cn ca^e exaggerate' the pre 
vaiHog anoiaeinii mcc In tbe lortdrd cell the dfeolrc cooceotratioo of 
haemoglobin b red uc ed by its cmrerwai Into haemorntti and the oxygen b 
remored from the orrhaemoglobln br the tcrlTefr tnctahofiziog paradte 
fCnoAR and Scow. W3 CmusToemoui and Fcltw 193fl Axntaaox and 
Moaai«x J9+2) A further reduedm In the cffcrtlre oxygen-carrying powro 
of the mnded celb. and pordWr of all erTthroents mar ronlt frrxn 
changes In the phrstavchenjlcal propenie' of haemoglotin. Tbe effideny of 
emhrocytts as oxTg«i<srH«r! b further reduced In the btc stages of malaru 
by intrara'cular a^Iutmation. 'oeb r« ha been olwencd br K'flvtr sod hf» 
concagues dormc the cour se of maliria lit iransUhrminatcd ri«nie of nun 
monkeys and Htd (Kxistlt IWl IWi I,acx 1^*0 The effect f thi 
uifraTascnlar age l u nna noc. whtch sprarentlr b non spertfir and results from 
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generalized anoxia, is the appearance of small clumps of cells which cohere 
loosely m the form of what Knisely calls " sludge ” This sludge arculates m 
the general blood stream and passes with difficulty through the finer vessels, 
so mterfenng witli local blood ilow and the oxygen carriage to the correspond- 
mg tissue The individual cells comprising the sludge are mcompletely 
oxygenated in their passage through the lung capillaries 

It will be seen that there are many factors actmg in malaria tending to 
produce a condition of generahzed anoxaemia This condition in itself 
must give rise to some degree of tissue anoxia which may be suffiaent to bring 
about cellular changes, but usually its effects are considerably enhanced by 
the development of general and local changes m blood flow, as described 
below 


General CiRcimATORi Disturbances^ 

Certam changes m the circulation occur during the paroxysm In the 
cold stage there is peripheral vasoconstnction associated with an abrupt rise 
of blood pressure and a generalized slowing of arculation time As the hot 
stage develops, vasoconstnction gives place to penpheral dilatation The blood 
pressure falls somewhat and arculation tune mcreases together with cardiac 
output (Mikeladse, 1923 , ALTsaiULE, 1945) The vasoconstncuon of the cold 
stage IS not easy to explain, but in the hot stage the arculatory effects of fever 
appear In a straightforward case of malaria undergoing regular paroxysms 
the hot stage lasts only a few hours at most, and the temperature subsequently 
becomes normal and with it the general circulation is readjusted Sometimes, 
particularly in falciparum malana, the temperature remams elevated, so that 
the metabolic rate is persistently raised, cardiac output remains high and a 
continuous strain is placed upon the heart In spite of this the heart rarely 
fails as a pump, except where the changes in the heart muscle are sufficiently 
great to impair the function of the myocardium More frequently, some 
degree of generalized vascular collapse supervenes In ns extreme form this 
IS indistinguishable from medical shock (Atchley, 1930) 

When the body temperature remams persistently high or contmues to 
rise, a vascuhr crisis may be precipitated, particularly if there is uncompen- 
sated loss of fluid, and under these arcumstances medical shock may develop 
(Kopp and Solomon, 1937 Hartman, 1936, 1938) In these cases the basic 
pathological findings are those of acute arculatory failure (Moon, 1938), and 
not usually those assoaated with hyperthermia per se (Malamud, 1946) Pheno- 
mena of this sort occur in malaria assoaated with hyperexia and, very 
occasionally, with the cold stage of the paroxysm, but the vascular disturbances 
of malana are as a whole not usually assoaated with high temperatures Pj-q. 
found circulatory changes are more frequently found in forms of pernicious 
malaria, often accompamed by low oral temperatures Under these arcum 
stances the appearance and physiological state of the patient are again identical 
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nuh thQ>c of K^crc ihicL The »kln U cold aod rooiM the pulv i nj^ld, ihtn 
»Dd easily comptroed. md the ropindcn ttipcrfidil ind Irregoltr The 
Wood pmnrre u Vm tod ibeie b haemocooccotnidoo and other cridcict <£ 
»cntc reduction m hk>od tolume Moot wnten bare tntd lo ouociate juth 
rmdnxTua 'anh dcroiigcnicnt of the adtriod j'bzub hut in ladnlduil ewa 
rxjdcDce of thb I freqitmtfy lading (pAiwur and Ljautm. 1P15 Floo, 
lP+5). Ample cnWcnce h*i pmdoced ic c c nrlT demon rniing that genulite 
#bock, accompanied br krw f blood volume mar occur in roalana, pardoi- 
briv in P jtictpannn Infectiam. Tho* kicc and Saimt (1SM4) reported that 
22 of 100 fatal c*»cj of P malara eraramed hr them died from 

ahoek. Of related phenomena, and Kr.cc and Tatujr (IWd) rect^ntly deaenbed 
ci caeca of P fal(tp*ntm Infeciicai nhlcfa developed aymptoma of (hock dtmtig 
the clinical icusity of the dbcaac. In tbe^ c*Mre tiwie aa» dear eeidena of 
loe of amilanng blood \olurot, h>dkaicd br harrooccmccxitiatiim bi the form 
of a nae of red blood cdl count and haemo^oWn c cot en trad co ae«ociatcd with 
groei reduction tn blood prrmire and cliniad dgm of mediad (hocL Sm3ar 
c*eee hare been repoacd bf other moiken. 

The pathological findfaige m Mich paneno art fundamentally WibIUt f 
lbo<< «e«n In fhocL cauvd br other agnica. 

The gcoeral drcularory change* mennooed abme and the appearance of 
<hock mim Influence ofctn profotoidly the blood efrmbdoo thnmgh the 
tinuca. It u ecioally mie that the change* In blood flow (o Imtbted In ccrtala 
OTgam may phyMokgkaUy tfleer «D1 funbei the general attubtion. Fes 
bi tantt. n^uctioe of flow through the adrenal or the derdopment of a mtc 
of local anosla may giie ri*e to ourpm of adimaEn. with It imal dmibrory 
effea (van Ltrat, 1W2> 

ft fnlgbt he pointed out here in parenthetl that inch change* hi the 
adrenal a^ other endocrine organs may aI*o be largely rc'ponriblr for the 
humoral phenomena irptm ahtch the theory of the anaphylaaoid badt of the 
proTTrra ha been ba*etL »* for rtample the ri*e of plamia poca**jujii the 
fall of sodium, and the change* n blood sttear 


LOCAL taarruATOwT cfttxcia. 

ITtc drcoladon in the organ* v a ha been mcnooned, mflocnced by 
the groeral change* occtrrrlng m mnlana h«t certain local cooditiont modify 
tbe*e efiect* con*ideTably For imtancc. the anatocucal arrangartent* of 
eewls within an organ, the p i T*g n ee of inu*e* and *ir)u*ioid all play a 
*jgnl5cant part in the local effect* of general orrulatory dlttmbance*. Again, 
local raccolar rrflerc* mav he o ked For n*tanee the ri*<uc of the retnl 
cortett may become spedficallT amnlc fWlowing the shunting of the hlond 
flow from the cortex rr> the medulla iMtrcjwrm nd Fr»T>t,AT 19*4 
■\fiiEcaArm et «L 1945 Tafm et w/ 1946) Reflex change* mar al*o occur 
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coocrol the efuHbbioeot of the ftatc of vaacoljT CDUip«e mootted irich ccute 
fedoctioD In circolmog blood Toluzne In it ru ln rrnt^ there totj be coo- 
odenble dtrect lott of body fluid from ronudn^ iweidng arvl dlmhoc*, 
hot m the majoncy of ptdeno roch lot* a iococuDdenhle In rdadoo to the 
total redocnoQ of blood Toluine. The mnnxdlate came of thii •udden ledoc 
tioo hi blood Tolumc ii ctucnie. The degjiec of jmajitaenila u not d* 
fiaor iince diock often ippean In ova In whjdt there b only modcrttcly 
acrere Innioo of die erythrocyte*. Anaetnli b alao not the pceapitatlng 
faaor tlthougb it probable pliya an Important part b c*aa In which the 
lyia b beary and rapx] (Kz.u( and Tatloii, I94<5). Some other faoor muu be 
at work. The nmllaiiry between the twacular phesomena of malaru and tboac 
of general acote inflammatioo b vuffidcntly amhittg to tuggeat the [nrolre 
ment of aaoK common banc mechanbrn Thb riew h toppotted, *t we ibaD 
«ee hr the de%e!opTQeot of endothelial change* in malaria. 

Tuam Amxoa. 

In addition to the eudden loa* of orcuhting blood \olutDc which ocom In 
maUnal tbock local km of floid through the Macular cndotheCmn u eridest 
In mxaj tnroe* In aerere mabtia. cndmhclial damage may be detected 
hlatologTeally tod b lodiaited phyviolo^caBy by the appearajoce of ttaib, 
parrirnlariy in the brain, ^\'ha( produce them change* Jo raaeular endothe 
Hum b not dor btn a general factor of great Importance b tntdoubiedJy 
the pfo d actioB of tmue arwxia. which exbu poraittaSy lo all cav*. beauK 
of preraHlng aooxteima, and gerxm) taacular and dmilaiofy dbrarhaocea 
Thete ftetan may all have t pr^ound eflart on the oxygen rapply to the 
lodhidoal cdb of the dttne*. and aome degree of bmie tncrua b uKTitabfe. 
and may be «u&deni to lead to degmeranoo and ultimately pe croab . 

The redocuon of blood flow achfered by the Tirioov mcxhanbma de*cribed 
aboTc Icadj to the prodiKthn of itagnant and ewher forrnv of anoeda which 
in turn damage the etwlotheTlinn. and further bimaae It* pcrrocibnity with 
ronaeqnent cacape of protein and fltdd Into the tb'uc' In organa each a* the 
brain thb p roccaa i progie**ne and erenruaDy the ceD* go into Hub and 
pack together a* maraei whkh mae ohnrnct the hlood flerw completely priof 
rbe to anorb of the eurroundiog iImoc and finallv to the degenerate change 
and necTOab The althnate lewon formed i dependent upon the cirrobtory 
a n apgemcnti of the organ concernedL bot atxma appean to play a part In the 
patht^cnen of all riwoe chai^ 

1 think dvange* m the permeaWHrr of the raicnla cndotheliuin ate trf 
ropceme i mp ortance In the dereloproent of Irdona m certain organr. Wc 
nnfortimatcly have no information regaiding the actioo of the paiadte oe 
h product* in thi cocmectiofi. The identifiauon of wme rabttance capable 
of fauilathig roch cndotberul change* would 1 think, make the whole con 
reprion of ratbna more mtenipble The cbboratKin of •oroe diffo^tWe 
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depcndeat to a cnmidcTabk nicm on the nnmtbnal larc of tfac hon and 
the presence n i -o of cmala menrial robnanca fodi u biotm aod panto- 
thmatc. The proper prwein balance of the bodv and praence of certain 
cjvntjal armoo aadi arc aUo of exuetne impOTtance. 

The cpideroiologioJ feature* of untDumty are outiide the Kopc of tha 
dactmron the imraone retcdoiu of the boat art of importance here Ifi » 
far aj they aiSen the cdUilar rcaponae of the tissue* to dw pretence of para* 
ficca and the rarioot associated blood rascnlar pbencmena hare duewed 
The splendid work of TauArnuto and his coDca^ues has helped pcitlr In the 
general undersanding of the pan ^xpiiitd bnmunttr pbrjs In the cellalir 
reicrion of the host m the disease and snth things as the specific w eppmy 
np of phjgocytori ha the spleen, lirtr and bone marrow must be considered 
in anjt attempt to sjnihedie the uldmate cffca of the disease procesae* oo the 
tissue*. The sugg^on of Oaut (1946) that autcantigcn* may be produced 
during malarial Infccoom sbonld also not be orrtlaokcd 

pA-moci>-xaiB os Lasooxa r* ihx Bajna. am> Ljvx*. 

I propose now to show bow aotne of the g e u e i aJ proces«s defined 
abote carer mto the desdoptsoit of lefions tn tpedal organs, ^e shall haie 
dme to deal alth oo mote than the lenon* of the brain ar^ to a Imiited extent 
the Ifrer 

Fltulh' as a nurrer of g ener a l loteiew and bi order to nrrss whar was 
said eatfter abotn the ralue of ocBrstonal aynthests of anllabte material u 
t method of finding a lead for expenmenta) wwL Dr Axoirwa aill gi e ww 
an account of how we are octTuig some of the more concrete problem in tbe 
pathogeocsl of the Imrr lesion 

tlttox D. TTtl SaUN 
Tkf Hm /ogir*/ Ptdurr 

The men crldent fearuje* of the histological changes in the biam in 
w re re malaria are the dilatsuoa and conges b op of the imall blond sTtseh and 
the concomitant haemorrhage* In nwt cases the small blood tessch are 
deeply congested and the ctmtairsed errthrocTics are frequenilr beaiilc pra 
fiiirrd. The larger ressd arc enuallT co ng e st ed but In them the paradtlred 
cells are appareatlr concenrtmted on th pertpherf of the Wood rtream stKl 
One the cndcthelhini. the eirthrocTte* in the centre f the essd being ften 
imparadriied. In some specimens paradtes mav be rerr few even In the small 
l e s sc K hlanr authors bare described essel In which the cTTthrocTies are 
*D cIoseiT packed thar tber are practiralfT " fused into homogeneous masses 
In whkh tbe Indiridual ceD camioi he Identiilcd 

Ecidcnce of endothcEil damage is cotnmoo ihoe are for inwaocc 
fretjoent small penrascular exrrorasarion of embroertes rimlUr to the lesions 
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expUa the onhovy (JlmcJ findinga m malaiul 0*0, imc* «j Dcocicw 
and Cj -AJ na (1917) ^nted out the effect of ipeoBc tbenmy daily mdicaiej 
tint the Itiicsi* in the bras mim Ui^y be of a reremefc and lempcrtiy 
nacuic. After tertrdng the fiterattne, Ricdox (1944) has i c etnt ly condodri 
that thromboo and emboUim vere un eo m mon m EOilaxu. 

Mechanici] interfamce with bkKxf flow may occur to a IlmrtEd extent tn 
the malaiul bran. It « conccirable to any degrre, howncr only In the 
preacocc of eery harily panctizicd blood, exce pt, perhapa, m caaa m which 
intraraAOilar »ludge fomuBon m citcniiTe. There h g ntera ] a gt eement that 
the influence of endotltelal rwdling and degraerarlon 00 the blood flowpiwt 
be Ttgarfed aa ndsbnal. 

It u that dear that aomc ether pioccM which n npidly lertnibfc imat 
be rr^ponrible for the apparent bopedanoe of the blood flow In the brain. 

Caccxu. and Mnxla (1920) ctmddcred the aignificant chrulatorT change 
m malaria to be the fr e q uent haemonbagea wlucb occur in ataocuden wub 
the ve«la, rather than ehangei of mtravaaadar flow This U probably ennea 
•o far at the occational perameot cerebral leiionA of irialana arc cooctroed, 
hut it It diScult to *ee the coenmon dgm of milanal in ohement of tbe 
brain can be idated to anything dae than tetnporay ond rrtTTwbie diaruib- 
•see* is the blood flow tbiuugh tbe tmaQ blood ecneU. 

Inaa’riKulat ttaab or near ttas* (in the aen^ of almost coroplctt oedwoo 
of a refAel) teemi to be the pr oc et * which can rooct readily explain both the 
dlmod and pathologkai flndmgi 

A «e bare ineadoned abow dtia procr^ depmda for it derekprncat oe 
the escape of abootmal aOMonit of pr o mo and Sold aerm the eodotfaertal 
cell membrane Into tbe rarrotmding riamc $0 that a local redoctloo In dro 
laong flutd tolume occura. and the c u t lu octT c r b eco m e c cimpma. d into what 
Floxit (1926) callt a rraD^pareni man of curpradei. The arenlaiit» in tbe 
affected tewel lopywd. and wifl not raume untfl the Uasb U rcaolred. 
There no mie acglutlnaikjo or ciotrinp of the Inrohrd corptudci and the 
procen 1 pnmarlly i t v c r uble \Vhb the rooluiion f nana, the phyaloJoglcal 
b iipe t tneabnirT of tbe ve«el walls to prot no r* rr s to i cd and fttnd return to 
the lumen and nmiboon i re-extabliibed 

It b poariblc t uoderttand tbe te m porary interfereoer with blood flow 
ro ntefa cnraninancea. and the cottacquent ri«^ damage, bchtding that pre 
renting in the endodieBam rtaelf 

The hmologicil eridence of the eiktaKe of ttasii in the brain e*el» 
b good. For nwanct. aWiotigb aoroe wnall dtgrt e of true ihTombo'b can be 
found hbtoiogical eaarnmitloo of brain uwut diwkx* Httk or tio fibrin in 
the maJoritY of the a ppareotly oedoded t end * Again. maoT authon ba t 
noted tbe appeaLrance of bomogeneom ma«te* of corpttwrlr* n the e*wl» and 
the frequent dlffteulrT In tdeonfring mdirldual emhrocne' 
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6M P\TVOUnTCAX. rVOCTMPS tx uauuu\ 

c^IdeDCc of the ndftracc of aoiDe uibsiUKr capable of pnnoUnj' change^ la 
ibc TMCiJju- cndothclinm in malaria. Glosox (IWl) ha potnred thi odt la 
comparing the lerion* of malam irilh thoK of gtoetaliaed inflainjnatini. 
It may well be that the reawm why *udi «d agent baa not yet hem IdcnnSed 
b that It has been ioaght m the wrong place. Tbc poanbJUty aNi eiinj 
that the celb of both the codotheEal Going of tbc eoaeU, and the tkuKi out 
be damaged by hbtotonc agmo, which, by MabiUziiig uayc Tt oc farome (n la 
the cm#c of barbltOTatc poiaoeung) may Interfere mth ceDular metiboliwn 
to a degree out of proportioti to the ptetrfUng lack of m y g e u , 

Rictox (1944) haa atated the caae »ery clearly He hat pointed om. In 
agreement with Htmuw that the c c i c b t a l lolom of mabnia are ooiv^peafc 
nmilar lealom occiimng for ctample, m hyperthennia, in whkh atmu b 
the dctenmnlng factor In hb rietr anoxia thn* ino*t icadDy eiplahM tbe 
appearance of cerebral lerioca In malaria Thb acoxla arbe*. a« wt hart 
»hcrwn aborc, from a ranetr of enow iodixGDg anjcmla. In t er f e r e n c e wttfa 
orygeiwcaiTylng p t o pei oea of tbe paiadtiicd cTTthrocTtet, and chculatorr 
dl«mrb«iKcs mluat^ both br cardiac (aQuie and rajcnlar coGapac. Tbe 
ledoDs in tbc brain anae In the hrw loatance from Icalcage f Bpld throogh tbe 
%ewcl walk following Lr KieawJ permcabUjty mgendmd hr local anoria. 
Slowing of hitrira<nl*r flow eMoet aiwl uWmately ttaat^ XlTicn tbe re^ 
wall I ruffiewotiT damaged dtapeden of erythrocyie* tain place ghfaig n«e 
fint to eitnTa'Ojlar eitraTaaatJoo aod wbaeqopiily to haemorrhage isro 
the tiarue The plenue b complicated by ranou* phesomma. neb a tbe 
" ffiekJneti • of paiwtiaed cellj to tbe cndotbeCnm and the dfert^ of local 
aecumnUtion of torfc roetaboBtei. In the fim Inatanet, thtw changes tn 
rrrerrible, bot become irrerttifble. and lead to permauenr tbtoe dajna(t. 
tralew the anoxic cooJWom ire rapidlT reCered. 

In the pathogenerii of the brain leronr of malaria, there b thw mich 
to be Bald for the ilew that the ba^w procen b the ippciratKe of ratcular 
rtana ariring om of a ccaidltioo of local anoxia and damage to the endothelhini 
of the reaacli. 

What li moft intriguing howerer b the fact that limiJar ebangea are n« 
erldent In ceroun other organ*, eren in the lame paoenn It b a cnmiMO 
rtpcTtence for mnance. to find cridence of mm in the brain, and none in 
the Grer In fact anr extenrire eridence of larcular obr m ictlon. other than 
cu o gou tiQ. » mon uncomrooQ In the latter org:an In tbe ordmarr courw of 
CTcnt*, a* Moon (1933) pomf' out mri t* to he expected once the tc*wl 
wall h damaged. It it imUclT that there h anr ipedfic damage peculiar to 
the eoacb of the brain In malarln On the contrary there b, a* *e hate 
aeen. general eridence of awolar damage n ino*t tbniet Whe them b »Tam 
found commoole In the brain and w aeldam In tbe h cr? I bcBere tbe 
anrwcT I In mherent d iff ere n ce^ In th propertir' of tbe endocbdbl celb 
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of the t essels m the t arious organs There is some evidence to show that the 
small vessels of the brain are normally highly impermeable to protem, whereas 
the sinusoids of the livei normally allow the passage of certam amounts of 
protem, so that the hver cells are bathed m fluid mth a high protem content 
(MooNj 1938 , Drinker and Field, 1933) Small changes in permeabihty to 
protein might therefore be conceived to effect considerable changes m cerebral 
circulation owing to mcreased local loss of circulating fluid, whereas similar 
changes m permeabihty would have minimal effects on the micro-circulation 
m the hver 

I think the lesions of the liver, as in the brain, can be explamed best by 
postulating a state of local tissue anoxia, but the mechanism of the produc- 
tion of this anoxia is essentially different in the two organs In the hver, the 
arculation is slowed not by stasis, but by local failure of flow, chiefly m the 
central regions of the lobules, ansmg pnmanly from obstruction to the escape 
of venous blood The interference with venous outflow is, we believe, often 
reflex m origin, but, as Himsw'orth (1947) has recently pomted out, similar 
effects, so far as the tissue is concerned may also be occasioned by localized 
parenchymal swellmg 

We have outlined the arguments for our views on the pathogenesis of 
malanal centnlobular changes elsewhere (Maegratth et al , 1947), and I now 
leave discussion of them to Dr Andrews 

{For References see page 702) 


PAPER 


THE LTOR LESIONS IN MALARIA 

BY 

W H HORNER ANDREWS, b m , b ch (oxon ), 
Liverpool School of Tropical Medicine 


Professor Maegraith has just stressed the importance of local vascular 
phenomena and the reactions of individual organs m the pathogenesis of the 
lesions m malaria, and has suggested that in the bram tlie lesion is primarily 
due to stasis and its concomitant effects He also pomted out that this pheno- 
menon does not appear to be the underlying factor in the pathogenesis of 
lesions m the hver on mg to the different physiological reactions of this organ 
I should like to add a brief account of our views on the development of 
hepatic lesions as an illustration of tire effects of local changes in the vascular 
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flow kmrliiij to ^mmc dangw in the partncfa^mil cell*. In thu dhnrw* 
I win ex cis e fuch £»aor» u the hypertrophy of the rcocuh^ndothtlal 
lyrton aorpt m fu u they mxy caoae iome mcoljcr ohttnictiofi, tsd I 
win dal primarily with the patbogenou of the degcoenriao and neerwb 
which may occo r In the lohoki. 

Trn HuTDtixncAi. Pnntnu. 

Llrer ebangea in mahria are tety Tanablc in degree and may not aJwayi 
be preaenL When rrcH enabllthed the hluological picture u ooc of centn- 
lobulai dcgcneratloo arid necrorli. The organ b conjened the central ein 
and iinuaoidi are fiHed with CTyihnKyiea, many of which contain para v to. 
The dnoKadj and central ton may be dilated bat e mpty when anaemb b 
•cicre. (See Fig*. 1 and 1) 

The erythrocytea In the hepatic rtMcb Retain their form and ate not 
impacted as in the bnln There h Hole endence of atasb or thrtanbodj b 
the blood retacls, whoae endotbclhnn. as Profesaor MAEcaAnn pointed oot, 
usually tbows few hlstologkal changes. Kixrrx (1929) found no cridcoce of 
metiuLOKal uht trued on of the blood fltrw la the Ibtr and cootrat ti the ptetme 
whb that seen in the btmm. Obvtiucdoo of the nnuioidi and Drcr blood 
Tesseli has, bonercr been described. Stasia. throrebcprU. coDedou of pig- 
iDcnted macropbagei, free parashes aitd pigment end aggludnadm of cry 
throcytes, some pantndrod hare been reoorfed bat fudi o bmretl oo [r rare. 

The Ktrpffer ceJIs are often ewoUeo and filled with cfy ilj ocyte s , pamhei 
and debns. They appear In places to obstruct the lames of the ^usoidv 
and eren distort the colotncu of pateachytoal cells, but ludi gnm hypet 
trophy i by no fneam htririably preaent The pamichytna] celb may *hciw 
only mild arklophlllc granular degenerarire changes, bat fatty degcncratloo n 
commai and l» tnon nident In the eelU of the central znne of the lobule 
or when tho»e cclb are necronc. tn ibe celb at the penphery More anere 
degeoerarioQ and neenm is frequently seen in human and anl^l malaria, tbe 
changes bemg mewt marked at tbe centre of th lobnle hi ca«es of faJopartmt 
Infectwo ad blackwater fe'cr diowmg octrenw hepatk nectod^ the ceO* 
around tbe portal rraco may olooe mrvtre. fDroortrv and Clajut 1919 
Guneni and Mni-Mi 19^ Tauatouio and Cavws 193<5 Tau^rraao and 
MrtiJO'i’s 193" RrmoN and SraATM^w Thoma 1942 Ksaji and Ssimi 
\W\ 


PsT i to c pfasts or Ccrranjoact-Aa Vrtsfw 
The bepauc IcuotiA in malaria resemble thewe found In a TinetT of cno- 
dmoni, notably nehMHcd hcan f^ore and Chun eyndrcunc (Goivai IS99 
Tnmrwo^ and Tca'cmtXL, 1912) which arc t<vidatrd »hh tl«ue anotia andng 
from ta l cr fe ic uc e wnh ihe outflow of Wood from tbe h er Rlphtdcd he*n 




Fig 2 — Section from the liver of a monkey dying in an acute 
exacerbation of chronic knowlesi infection The appearance 
IS very similar to that of Fig 1 






— Srvtnn from th« lirTr at nt. 0- 1 CX. caitKia trtnchloode per 100 body 

h■^in4r bc«n ftdmjcustcrcd mbcvtawoiulT b«Jfm pmMaly CmtnJly tbetr ts 
j ni IK Cl o il to th* cold toor tlwrc i* Krilmplc Dreroak ptr jpfcm Jly (ht crili ere 
raon oancul but r«eUiDf tfcndeou 
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,, H , diangcs in the 

a.; the pathologica Evidence o£ 

nWv contnhute toisar there is inferior 

{allure inay MiLiu, 1920). ^lo rise m P^'^^^'i ^er lesions arc 

wr (G^sltnl^ „^ablT therefore no^^ *%Tedical shock 

canine 1”'"“' “c Lwraiy ■" ““IcLmcnt ot " docs not-oewr 

"'" -"‘'fTwO) « n 

(ATCHii'. _.uni to the hearr i 1918 . ^ ^ 

U the venous return^ (Wic ^mentally The 

in die inferior ven. produced ^Ytose nhich 

^942 , MAEGBArni, read y groups ^^r;ren, 


are 


-.cd chewnerc v — 

EXPEIIIMEI^S control of the hepatic 

fnnrc of reflex cont 

expenments in terms o 
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man be obauncd In nun. Isncrtbclcw, anim^ eiperirarnti trc necrmry for 
furtfan gcntnl Kudy of the hvtr ind h ixniUi mpply wid for mabC^hinj 
techniqttO »hich tnty euinetjueody be uicd us hit man erpemntntv 

The wtidy of a proHem ^ thu aon tcemi mth tcchokai ddboiltin. \\c 
hate for infdmce, ipeni a great deal of tfane m trying to find aoroe mobod 
of obtaining a ttaodard renrritobular necrod One way of approach ht< 
been the itudy of the aclioa of wcU-mabOdici tone agenta IncIuiCng carbon 
tetradilondc. Thla «oik ban already pronded with one aiuciry Icnon. 
for in the de ckjpmrnt of Icncnt foQoaing the admsniMiation of ihh "mb- 
atance reflet control of the lobular blood flow if jweaent appears to be of 
aecoodary Importance, the cMentuI faaor being a* Hnt nat i mj t ba »bo«n 
(1?47), acme »»feDlng of the bepadc polygonal cell (See Figt, 3 4 and 5). 
The effect of carbon retracbkFrWe htmerer dependa coniidcfahly upon the 
do<e admlnlitered. After large doacs in aaimala awtIEng of the partnchyina 1 
dearly a predominam feinirc. In man Urge do«ca give to a dmlhr 
effect tbeupentw d<wagc on the other hand acmervine* leads t acme engorge 
merit of the loer with a«odatcd cenrnlobular changes (CASttwrc and 
K \KUXARArvc, I93ff) We have noooed mnOar changes u animah after imall 
do*«t. and have interpreted these findlogs as erideticc nf actirity other than 
rdiular mdUng Here again we njggm laterferenct whh the uitraJobubr 
blood flow H oeeurrug In any caae the rtcsnta) chango In the pareocfaymal 
ceDs appear to remit from anotie toeal atatta. ViTsethtr ho^raCfy dependetrt 
oo rweUlng of the liver celb or arlnng from brmierino to venooi outflow 
the ftovltnientil process seems to be tiu itDprdajvre of ibe intralobular flow 


Ctrccureiow 

^e regard the leuom in the Ii»er in malana. ITe those m the brain, as 
an example of the effects of tissue anoxia. This basic factor of aootia arises 
from ce l t a in general changes affeettog all tissues, and from Inail cotuhnoos 
nhkh are more or less specific to the Indltidual orgins. In estimating the patho- 
gciJc piP ce ss es invol ed m the dtrelopment of feslrm in malana U i tb«e 
fore essential to con*«lcT oot onlv the getwral &cTots but l»o the tpetfal 
pbysfoloflcil rearrinn f the organ coocenwsl 
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DEMONSTRATION 


THE EXOEInTIIROC^TlC PARASITES OF 
PLASMODIUM (73 hOMOLGI 

Proits^r H r SIIORPT, cii md occanoP C C OXRMIAM, mo 
iMiutoi Sehon! of fiycmif an,! Tiaptcn! \Jt !ianr 


(I’m •ii’VTiT) m Hr P C C (Jaiimhm) 


Pictures of the dcxelopmentil '.inj^cs of Plasmodnivt cyiiomoJ^t in the Incr 
vcrc shown '1 hese were pholomicrognphs in colour of stclions >>11111011 with 
Gitmsa •:tain 'Hie forms illustrated were 7-da\-old schironts, probabh insult 
the parenchimatous cells, and measured about 26/i to RO/i in diameter 

'I here arc a large number of nuclei scattered throughout the otoplasni 
Some of the bodies show a clear-cut incuole , others, pseudopodiiini-bkc arms 
A description of these prc-cnthroc\tic forms has been published recently 
(Shortt, Gahmiam and MaI-\mos, P)4b), and it is unnecessary to sa\ anything 
further here, except that these forms occur in monkcis winch bate been bitten 
b} icry large numbers of mosquitoes infected with P cytomofnt After biting, 
the mosquitoes were ground up in plasma saline and the suspension was inocu- 
lated intrapcntoneallj and intramuscularly into the same monke\, which must 
altogether ln\c rcccncd a really cnonnous dose of spororoitcs 

These schironts might be compared with those of other hacmosporidian 
parasites which dceelop in the h\er 'Ihc largest of these is Ilcpalncyslcs 
(Platmodium) hochi, and this also grows in the parenchyma cells, cecntualK 
forming mcrocasts up to 2 mm in diameter At an carh stage, the dc\ eloping 
schizont of H hochi is indistinguishable from the mature scluzont of P cyuomolgi, 
except that it is larger (Gaiimiam, 1917 and 19-18) The cxocrythrocy-tic 
schizonts of P gallntacctiiii in the liver appear to develop chiefly in the KuplTcr 
cells, the mature forms measuring about lO/i Lastly, in bat malaria, as 
recently described by Mru and Goldblum (19-17), the unpigmcntcd schizonts 
seem to be in the endothelial cells of the blood \cssels, both sinusoids and 
larger veins 1 hese arc little more than G;t in diameter There is thus a range 
in size between the smallest bat parasites and those of avian malaria, to the 
considerably larger schizonts of P cymmolgi and the macroscopic ones of 
H hocht The first two arc found in various organs besides the liver , the 
last two appear to be confined to the parenchymatous cells of that organ alone 
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DISCUSSION 

The PraUeot Etc Philip HiQu&- 6 *hi The tubjtct U now open for 
ductawon. loa larc *cen *0100 rtrj boautlf^ picturea, tnd had a tocid 
cxpUottioQ of thcr*e chm gf that take place in the organs In malaria. It u 
ah entirely new approach and aa Profcaaor hUefniAmi has old. It does in 
good to renew the state of our knowledge on any subject from time to tone 
\\c art getting bade to the good old dap when people made hjpotbeses and 
proceeded to work on that basts. 1 hope you vrffl fim of all dttom logethe 
the papers of Profeaaor MA£QaAmi and Dr Atoaswa, and then go on to the 
eioeiythrocytic cyde, 

Uftlt-ColOBel A kfeoeMt I should like to ask Professor MascnArni 
whether the suprarenal glands were cxajnioed u the cases exhibiting score 
penpbexal cucolatoiy failure the symptom picture described closely nsemhles 
an acute hypo-adrenahsm such as ta seen in gram caea of diphthena and 
the FrudnehsoQ Wsterhouse fyndrome of meningococcal meningitit t 

UeQt -Colooel J A. kUnlfoM I hsro carried out postmortems on cases 
dying Cram SEthgitant tertian malena for some years. My coQeagoes and 
myi^ were tfrudk by the similarity between caaes of shock, heat ttreke and 
algid 

We feh that the symptoms could be aocoonted for by an acute ntpramaJ 
jnsu£aency in cnapmction with changes In the brain in the region of the 
hypothalamus and great oadei The brain changes hare been beantdrilly 
presented tomght by Professor Maeokaitb The s oprar cn als In some esses 
show dUaliDon of vessels which were comparstircly EBcd vHh pa iasi t a ed ctfU. 
There was cloudy swelUag and aome fatty degenention of the parenchyma, 
bat these changes were not In any way as dramatic as those found in the phuitaxy 
In the latter there was more dilatation of the tiniisea, which were mote or less 
completely oedaded by ptranCixed red cefla. This a well Hhiatrated m the 
accompanyuig mKTophotographa. It will be seen that there is rristiTtly 
httle change In the cells of the organ itadf This is obnoosly beonisc Uk 
whole process » so acute that there (a little time for dramatw and dentocstrable 
tttsue changes. 

1 feel that these changes m conjunction with those in the braht prmooslj 
referred to are quite auffioeot by tbemsclTes to account for tha “abock 
Hke^ syndrome m heary infections with Plfl ia so diw /alnpanm. 

Brigodlef J S K Boyd 1 speak with difSdence because erpenenee 
of fatal malaria dates back to the old days when, as profesaer Miraunrt 
has observed, our outlook was influenced by the clammy hand of morbid 
anatomy ^ cry httle stress has bee n laid 00 the condition of the heart musdc 




Pituitarj' gland heavily parasitized with Plasmodium falciparum ( x 300 appro\ ) 


To lace pas* 700 . 
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m fatal cases of malignant malana In a senes of cases occurring m Salonika 
in the 1914-18 war, reported by Dudgeon and Clarke (many of which I 
autopsied in a fonvard umt), one of the most stnking features was the presence 
of fatty degeneration m the heart muscle fibres Forty-five cases are recorded, 
m 23 of which there vas evidence of fatty degeneration — in 5 extensive, 
in 3 moderate, and in 15 limited I think there can be no doubt that 
with such lesions there must be a considerable degree of cardiac inefficiency, 
capable of giving rise to venous congestion in the liver and other organs Thus 
the condition of the heart would be in part, at least, responsible for the 
production of the anoxia which Professor RIaegraith descnbes I wonder if 
Professor Maegraith examined the heart muscle of his fatal cases for damage 
of this kind 

As regards the adrenals, Paisseau and Lemaire suggested that many cases 
of algid malaria occurnng in French troops in Salonika were due to adrenal 
insufficiency Dudgeon did not agree wuth this view He found there was 
a loss of chromaffine staining material, but nevertheless did not thmk adrenal 
deficiency ^^as the cause of algid symptoms 

In other organs small haemorrhages, believed to be related to capillary 
obstruction by the parasites, were of frequent occurrence In a number of 
cases haematuna ansmg from kidney haemorrhage was a prevailing symptom 
Haemorrhage from the bowel was not uncommon Many cases of malignant 
malaria had symptoms resembling acute appendicitis, and in the early days 
a number vcre operated on with unfortunate results Ultimately, an instruction 
was issued enjoining that m no case was appendicectomy to be performed until 
malana had been excluded by the examination of a blood smear and confirma- 
tory cndencc of an inflammatory condition obtained by a leucocyte count 
Small haemorrhages were also found in the lungs and occasionally in the 
pancreas I should be interested to hear if Professor Maegraith found lesions 
of this kind in his cases 

Dr J W Field I should like to ask Professor Maegraith w'hether he 
IS now prepared to abandon the old assumption that parasite emboli are 
responsible for focal damage in pernicious malaria Thirtj > ears ago Thomson 
showed that infected cells tend to agglutinate in cultures of Plasmodium fala- 
panim His observation has been amply confirmed since The phenomenon 
begins with carlj schizogonv and may progress until there are clusters of 
infected cells big enough to plug the smaller capillanes and tough enough 
to resist manipulation in a capillan pipette A single clump may fill the high- 
power field of the microscope There is here a rcadi explanation for the 
capillan blockage seen, for example, m some cases of cerebral malana Is 
It not premature to dismiss this hypothesis until it can be shown that the 
phenomenon docs not occur in the body but is restneted to the artificial condi- 
tions of the culture tube ’ 



708 




Dr 0 M Wenyon Profe**or Maeoiuth hu referred to bloctige of 
the bmn tchcU by Infected red cell*. TTjb tppwraco b well fcncmn. In 
the tntfl l Tcnoel* the entire Inmen b Modied but In the Urfcr rencb the Infected 
ceUi form 1 li^er round the well* while the centre of the rcMd b free tod 
coottnu uninfected cclU, It hu often occurred to nje thct much of tha 
blockage may be doe to derdopment of mtlaru paraiftc* which baa continued 
after death of the boct ao that the appearance of blockage may be a poatmortem 
effect. There b a tendency for the infected red edb to adhere to the cndotheGal 
lining of the rcaaeU. I remember that McL.tr in Ralrgna, olaerred in 
cultures of the maltgoant tertian pimhe Urge mononudear f»<l« often 
bad numben of infected red ccU* adherent to them. 

Dt L J ChWltt With reference to Dr WctTCCT’a remark, n may be of 
interest to locntioa the rcaolu of an unpubbahed Investigation on the three 
of the apparent romri} of malaria parasites m the blood of fatal cases of malaria 
in African children in Lagoa. In blood films taken from the right aonck 
durmg the routine pottmortems, it was foimd that F fajafitnm parasites Aam 
wrfl and are apparently unahered tnrtO 18 hours after death they showed 
dcfcetiTe atainuig and signa of degencrailoo when films were tkken 24 hoers 
after deatL If the pottmortems were earned out 38 bonra after death no 
recojrnmble parasites were fotmd athcr In thin err id thick atmtre. 

I should like to thank tbe two lecturers for thdr mnit lUanimatiBg papers 
and to ask Professor \UfajLUTB if ibere is any ewdeace of tpeofic pathelegfcal 
lesions or their tdectrre focallzatfoa lA fatal oues of malana caused by parautes 
other than P ftlapvm. 

It b known thst P rrrea ts not atwayi u benign as its nsme suggests 
and there were reports of epidemics with very high mortality rites doe to 
P error alone m Ruisb m 1943 It is also known that P rrtwx prefers to 
innde tbe yotmg red blood cell while f* fmlapsrrm docs not show any preference 
m this respect. This may suggest that the bjochemical requaements of the 
two parasitea are different and thst the pathojogtcal kttona caosed by them 
need not necessarily be identicaL 

Dt F nnrgatroyd If I uoderstand Professor MAiaiismt correctly be 
belierea that normally the smaQ easels of the br am , compared, for exampk 
wHh the tmusoids of the brer are highly fanpenneshk to prot ei n, and that 
«m«n changes in the penneabihty of the cerefarU Tesseht, following local anocia, 
are respenj^bk for the brain leaioot of mabna. If tius be the c or rea explana 
non of the patbogesesb of cerebral malana one might expect the me ch a nbni 
to be reflecled m an inerts ted protein-contCQt or Tolome of the cerebrospinal 

fluid. My impresston n that tb« art not ttecemnly Tcry conrbtent or definite 

changes In the cerebrospinal fluid in cerebral malana, but perhaps Professor 
MAtaaAiTH can throw a more p r eo se Bghl on tha matter 
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potncmn chuigfs in tbc ta](/w«tcr btluce, etc. — »wa influenced by tbe 
tflmmijtratron of japrtreni] ectntdJ and wit. Tbe ergutneot that beceuw of 
the linubnty between tbe distca] lymptom* there tntm be % cnttl rdatioti 
between •drewj iealoni ind the syraptomi encountered cUniaJIy in pertKCvni* 
mtJtrIt ha*, btmrrer recently been o hj e U ed, tlnce it has been ibown that 
medical shock rosy develop in mthma qmte independently of adrenal damsge 
(Rjodcw 1912 Kxa-V and Tatlor, 1W6). 

A few cases of algid mslana certainly show associated acrere mpnrtnal 
lesions including severe haemoirhsgo which may appear sufBaent to be tbe 
cause of death, bin this b not a frequent finding I briJcrc that tbe homorsl 
changes to which I referred above, do reault to some extent from aupramtal 
dysfonetJon, which artsea from acute reduction of the blood flow through these 
organ* durmg tbe maUruI attack. The effect* of damnation of blood flow are 
the aime as tboae which have bem abown cxpenmentally to follow the exposore 
of the body to anonc anoxia. 

Leaicma m the pituitary hare been deaenbed by screral authora. It la 
ponible that in some cases such leskms rosy ccmtjibote considcrahly towards 
the final tyndrotne but peturtary damage ta not baranably pres ent even in the 
aercreat casea. 

Bngadier Bom has ex pr eas ed extnuwifinary ideas aboot our appr o a ch to 
this problem. 1 cia aaanre him that we did enmine the beam Id ottr cries 
and that a large number of oahs wmkere besides oursefres have also done so. 
71>e cooduskio I have g rre n you toalgbt regarding tbe preamce of card ia e 
failure in malam ta not by arty irtotn* eteftuf^r my own. Smtour (1946). 
renewing aocne thooainda of cases of rnalana seen in the South Pacific area 
during the 1939-45 war cooduded that malam seldom csosed death by dhect 
myocardial inrolrement, and that the heart was not greatly affected in patienu 
dying of other complicatktna. Kjjln and Ssirm (1944) found little evidence of 
cardiac failure per te in 100 autopiie* oo cases of malignant tertian. Snctcox 
also found no cardisc aboonnalrtief m a aeries of fifty cases of re curr ent P rrrax 
infection. Scattered dcgeper a tire cha ng es, sometimes s e v er e are not ancoci< 
iDonly seen in heart musde m malana, but one can never ny from looking at 
the cardiac moade whether rt nas functionu^ weil m life or not. The only 
way to dedde srhether tbe heart funeboo b affected n to niin i n e the pabcnL 
After reading a niaw of literature, 1 bare come to tbe ccmclualoQ that ctnfiac 
failorc ia not a common complication of malaria, except as a strictly terminal 
event. The patient die* more often from vaacuJar than from cardite faflure. 
The drvergence of opmioa found amongst authors has led to aome ertent to 
confuakm between cardiac faflare and vascular collapse of the typo of medic al 
in whKh the essential process is quite different from that in heart ftllare, 
,tiw the heart, although it can atiH act as a pemp is tmablc to mai nt aiQ the 
circulatkm >‘*r*"*^ of madequate renou* return. 1 would fiko to aay that I am 
,rcQ asrire of Duucro't and Claxk’s srork. Gannx and MlU-t* at about 
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the same time and with the same type of patients lt\ mg under similar conditions, 
described three modes of death in malignant tertian malaria, in one of which 
the “ pathology centred round the heart ’’ The predominant symptoms were 
considered by them to result from cardiac failure, but in manv of their cases 
the description given is not that of cardiac failure at all but of gcncrah/cd 
\ascular collapse 

One of the things wljich has helped the confusion has been the frequency 
Mith vhich a congestion of liver acsscls has been found m malaria Such 
congestion of the liter has, in the past, been regarded as a concomitant of right 
heart failure, but, as Moox points out m his book on shock and capillaries, 
liter congestion is the rule m shock, in ttliich condition the venous pressure in 
the tena cava is not raised, but lottcrcd because of the reduction of venous 
return to the heart Moon pointed out that such pathological changes occurnng 
in shock have frequcntlj been mistaken by misguided pathologists for the 
effects of cardiac failure Brigadier Boyd’s mention of small haemorrhages 
scattered over the tissues is tcry much to the point I’liis is, of course, one of 
the charactenstic pathological pictures of acute vascular failure, particularly 
in the lungs 

I did not say that emboli may not sometimes occur in malaria Of course 
they do Spitz (1946), has, for instance, reported emboli in some of the 
vessels of the brain in “ cerebral ” malignant tertian malaria Many of these 
emboli did not completely obstruct the vessel and were found lying flat along 
the endothelium The point I tned to make was that the primar}' lesion in 
the brain was not thrombosis but reversible physiological stasis 

The matter raised by Dr Wenyon has been discussed pretty fully The 
work of Taliaterro and Mulligan has shown that these large mononuclear 
cells filled with parasites and malanal pigment may occasionally obstruct vessels 
The accumulation of invaded erylhrocj'tes in contact with mononuclear cells 
IS m keeping vith the observations of Knisel^, who has shown that at certain 
stages of malarial infection these mononuclear cells become ” sticky ” to the 
erythrocytes This may be the result of the general reduction m electneal 
surface charge which occurs during these infections in both the parasitized and 
unparasitized cells, or it may have something to do with the deposition of 
crystals of what Knisely considers to be fibrin upon the erythrocytes It is 
possible, therefore, that both humoral immunity and c\posurc to anoxic states 
arc involved It may be, as Dr Wenyon suggested, that the state of the 
parasites seen at autopsy may arise from development of the plasmodia subse- 
quent to the patient’s death This may explain why, when haemorrhage occurs 
round an obstructed arteriole, the vessel frequently contains parasites which 
are all at much the same stage of the life cycle, whereas the dells which have 
escaped from the vessels into the tissues are not heavily parasitized or are free 
from parasites 
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1 wM rtsj moch mteroted in Dr CHWirr'f ttiteraent. I tHak tin# xa 
naportuit ob^cmttjoa. Wth regard to the cndence concerning the predHectwii 
of apecu] apcciet of ptrantes for ccrtcia tge^oupt of crTthrocjte*, there li 
a Tatt Uteraturc. InrertigztKkm were atarted by a prorocatrre raiuri bf 
EIatov (1934) in America beaoggeated that viraT meroxortea attack only young 
red celli. Thu auggcitJaD waa made after smdy of one cue only and it bem 
OUT my cootentiQQ that it it at tout aometlmea vracth ^hQe to make tyntbeoc" 
•aggeftwra of tKu aon, bcciuae, u yoa know he Ko tince been prored n|tl 
beyond rcaioiuble diapatc. fKrrcMEM 1933 and IftS FsauBH #f af 1946.) 

Dr NlccsLi obnemtiona are impoitaoU paitkalariy u be ht» lefmed 
to the a ppear ance of medical thock m Tma mahna. The buK; trextmest for 
all forma of medical ahock, trbetber cauaed by malaria or other dlaeaae, i> the 
aame. The p nm aiy ot^ect n to rectore the circulating blood rdimK by the 
ordinary atandanl metboda, tndodlog parenteral admmutiaTion of Odd In the 
form of glucoae aahne or plasma. Thk la often a life-nrer A flold intake 
output hshnre should ahn^ be kept, particularly m annric caaea, omng to the 
dzn^ of walcrfogging the patient. 

In anawer to Dr McnoATHOTik • queaooo, 1 can uy there Is not a great 
deal of aatafactory endgnee regarding the protein cocueot of the cerebrospinsJ 
fhud in cerebral roaUna. The protcio of flmd u imaHy rused but not rery 
greatly Tbia b not necessarily to argoment agamat the derdo p meag of stabs 
m the brain retsels sinee a reiatirefy sm»G ]c«) of fimd may grre me to qtuie 
disproportionate changea (o the arculadoa. 

itim?rcax 

Eatw F a9M>. Awm J tr«^ VmL IS S51 
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The Prerideot We shall noir dose tha part of the discuaswn, bat I wcwld 
)it#i to say OQce more hoir much 1 have apprec ia ted ail the hard vork that 
PrT< f,^.ip MAKatUTH has puT into thu paper Daite obfioosly he has read 
CTCiything that is ro be retd ca the subject Ila knowkdge is very wide. 
One cannot get sway from the (act that, from the chmdafl a pouJt of 
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view, the symptoms presented by the patient are due to the concentration 
of the parasites m one organ You have heard tomght about the frequency 
of so-called malarial appendicitis m the Salonika area, and the same thing 
occurred in Palestine There the young surgeons then took out their kmves 
and other fellows’ appendices, and similar official action had to be taken in that 
Force Also I remember a case diagnosed as acute haemorrhagic appendicitis 
in the Albert Dock Hospital, away back in Manson’s days It was proved 
to be malanal embolism of the pancreas One has seen abdomens opened 
on the basis of intestmal obstruction in these cases 

We now pass on to discuss Professor Shortt and Dr Garnham’s 
demonstration of the exoerythrocytic parasites of Plasinodtum cynomolgt 

Discussion on the Demonstration 

Major-General Sir Gordon Covell I have not any more to say than 
to congratulate Professor Shortt and Dr Garnham most heartily on their 
outstanding discovery I was not myself engaged on any of the work earned 
out on cynomolgt in India This was done by an inquiry under the direction 
of Colonel Mulligan, and I must confess that when I saw the specimens 
which Professor Shortt showed me the other day, I wondered how it was 
possible that they had not been found by the workers m India The only 
explanation I can imagine is that the dose of sporozoites which was given out 
there was not of the colossal size given over here I do not think the fact that 
they were looking for something small, whereas the exoerythrocytic forms are 
m fact very large — I do not think that was the reason There must be some- 
thing beyond that, and I can only imagine that the dosage of sporozoites given 
m India was insufiicient for the purpose I do not know that there is anything 
further I have to say on the subject, excepting that this discovery makes it all 
the more certain that the same thing occurs in human malana, and that it can 
only be a question of time for that also to be demonstrated 

The President It has always puzzled me, if there is a tremendous 
infection vnth Plamodtum vtvax, (that is so closely allied to P cynomolgt), 
vhy this cycle has not been already discovered m connection vuth P vtvax 
It must occur, and possibly the explanation that Sir Gordon Covell has 
gu en is the correct one , but I would like someone to suggest how we now 
can verify this m human tertian malana It is, of course, not possible to kill 
the patients and examine their luers Liver biopsy as practised by members 
of the Post-Graduate School might give some results, but I doubt whether 
one V ould get enough liver by biopsj' to enable one to find comparable stages 
in human malana 

Dr F Hawking I wish to congratulate Professor Shortt and Dr 
Garnham on their discov^ery Professor Shortt kindlj demonstrated these 
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ptra*ite« to uj and tben we were «bte to find them la cput own ldft<iostcaI 
material collected from roonkeya daring recent y ean . The eariieat piraaha 
vluch we hare found are apbodcal bodica about 14^ acroaa, axtoited in pares 
chymatom ctHa of the Uvri Orer aerenty piecta of chromatin hart been 
counted m a croaa aection of one of tbeae forma. The paraauca found after 
7 days 15 boura, and 7 dayi 23 houra are moefa larger the arertge meaaareaenti 
being 48x31/1. Tbe liw cell la much dtftended, being reduced to a mere 
abell tbe nucleui howercr remtlna targe and eren alighlly hypertrophied. 
One form was fotmd after 7 drra 23 hours which appeared to Ik Ubt^ng 
meroioltca. 

Mr P 0 Sblllo I Tery much regret that my old chief Colooe] S. P 
Jamis a not here thia evening to aee the exoerythrocytic parasitei and to take 
part in tba diaanaran. He was so ccitam that one day aoencone would find 
them in mammalran malaria ai be bad first ducoT croj them m bu chickens 
some 10 ycari ago He ao often told me that he bcLcred the Hrer to be tbe 
organ of choree for e.e bodiea. 

Colonel Shoxtt aikd Dr GAJUfHAua diacorciy aurely means that it n 
praeUcaHy certain that these bodsea also occur m honuo malaria and it b 
probable that in P emur the bodies will closely resemble Uwse of P cytomalgt 
beesuse the two epemo of parasite sro alnoat mcrphologieilty mdTStinrnstw 
able, ’nua being ao, ft aoold help to dear up tbe pr^lem of dosage is relxtioa 
to the meubathsn penod. IVe knew for example, tiat htP nswx tbe iscobalieo 
penod ta about tbe sanift whether % Mewlmmune is bitten by one infected 
moti;[urto on a tmgle oectsiou or by 100 infected mosquitoes once a day for 
5 or 6 days. If ta I suppose a the case; each sporosate takes 7 or 8 days to 
complete its derelopment in a uarae cell then tbe fever incubatloa penod could 
TWt be much leas than 6 days. On tbe other hand. 1 beHevc tbit in P falaptntm, 
quantum of tporo s o rt es does inftaencc tbe incubauon period and we bare 
found rings m the penphcsl blood on the 5th day when a m3hoo or more 
tporozottet have been injected I ntiav enotaly 

Finally we beherc that at Horton we have act up a new record by lafcctmg 
with P max malana partaitca a batch of 3 GOO A wtanhpmu tst aUapattas 
and all we are waiting for now » a volunteer 

Profenor K B WfllUnison Dr GAR.'nuu, describing the exocrythro- 
cytlc forma of Piaxmoinm kochi, which be exhibited at tbe recent Lsberttoey 
Meeting of this Sode ty itaies that a majority of tbe merosoites ITjented from 
mcrotysta m the liver of hia monkeyt “ enter red cella to Eiecome miJc and 
female gsmetocytes ** (rmr Jh Sac \Jtd 1&43 41 423) acdinNoaiT 
snd MAtma handbook on MaJanm (1937 page 147j young gimetocytes are 
described aa ** amall, blue, mil bodies u which a ring-like slnictnrc, with a 
prcoonneed food vacuole cs nercr seen. Since Gke prodocei like:, there 0 
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good ground for believing that the merozoites from which the young gameto- 
cytes arise are themselves compact protoplasmic masses without a pronounced 
vacuole But there is no evidence that the precursors of the trophozoites, 
prevention of whose incursion upon red corpuscles is the pnme object of 
prophylaxis, resemble them On the contrary, unpublished experiments 
earned out over 10 years ago in Penang with sporozoites of P falciparum and 
P vivax bitten into Zain and myself go to prove that the trophozoites’ imme- 
diate precursors are chromatin-headed thread flagellates produced by exfla- 
gellation of the sporozoites’ chromidia, or by like occurrence in merozoites 
Nocht and Mayer (1937, page 146) point out that the latter may be rod-like, 
while Thomson and Robertson (19^, page 17, Fig 3) depict them diagram- 
raaticaUy as chromatm-contammg nngs, resemblmg young trophozoites It is 
again a case of like giving nse to like This raises the question of the true 
nature of juvemle trophozoites The accepted view, due to Schaudinn (1902, 
Figs 47 and 48 of Plate XXII of his Monograph), that they are amoeboid 
structures, enclosing relatively enormous food vacuoles, is untenable even 
in the case of closed nngs, since food vacuoles are relatively small inclusions 
withm granular endoplasm, and are filled with refractile fluid containing 
food particles all of which features are lacking Trophozoital nngs always 
appear entirely empty except for extruded chromidia and lack both visible 
roof and floor The argument applies a fortion to band, comma, and 
mcomplete rmg-forms, smee being straight Imes or open curves they are 
geometncally incompetent to enclose anything And the possibility that only 
the closed rmgs are vacuolate is precluded, smee mature trophozoites, however 
denved, are structurally similar What kmd of a beast can it be, some of 
whose young resemble snakes, while others are all stomach and emptiness ? 
Fmally, extravagant vacuolation is mconsistent with all that is known of young 
actively growing cells What, then, is the true nature of young trophozoites ? 
Combinmg mutually confirmatory experimental and observational data, it is 
to be concluded that the young trophozoites are what the eye declares them 
to be, namely, flagelliform structures, they being sedentary phases of the afore- 
mentioned thread flagellates, their hitherto mexplicable diversity of configuration 
being the result of straight (band forms), or varymgly curved, poses So a snake 
may be extended, or partly or completely coiled And the forked-Iightning-hke 
temie forms of P falapariim, which as Sinton showed {Ind J med Res , 1922, 
10, 592), appear some hours later than simpler and earlier forms, may be plausibly 
explamed as being produced by free and open branching of the latter Drawings 
of thread flagel’ates observed free, or attracted to, red blood corpuscles in later 
stages of experimental infection support this general conclusion One of them 
shows a double-headed thread undergoing longitudinal division Avhile free m my 
blood 15 days after infection with P viva\, paralleled by a precisely similar and 
dividing band form of P malanae (Thomson and Robertson, Plate I, Fig 30), 
Among other questions calling for discussion, I can only mention one 
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rix^ the pouibilTtj tiot potentnUjr /Ugdkte citromldta present b the bkiod> 
aay constitute t bkberto unsuspected reserrotr of resting tnd resnUst puucles 
which tre a source of latent nudam, both incabatocy and rcjapsuif The 
occurrcDce of tutcrpltmed parttcubtc bodies in malaria] blood, first rcewcW 
hUtCHurAVA and Ciui, lends Mrme countenance to this view 

Thanking jtju for the forbearance irhh which jou hare Gatcncd to ay 
obligated testunony and confident of the nhie of your critical co-opmtion, 
I can tmthfoSy say as Sir HevtTHxiT Datt did when conclusioDS of his were 
In question, I merdy state what I hare seen and what I hare found. 

TtM President We thank Profcaaor WilxiAuaox for this cAp te as tea of 
hb origins! ideas. Ererybody bss a right to construe things as be secs then. 

I wQI conclude by asying that this baa indeed been a historic mcetnig 
We hs:ve seen things tonight that few people have ever seen before, and 
we have heard things tomj^ that few people hare erer beard before. 
When you can bang into Une the phytiolosy of mslana with the parashotogy 
you win hare done a great thing and, aa soon aa the dis co r cr y of these tuaoe 
forma a made, many of the difficnhka we hrrt eaperienced in assessing the 
after-ejects of malsna may be orercome. We shall have te think hard before 
telling our patients that they cannot possibty bare AsJaria when they consoh 
us 10 or 15 yean after serving in the tn^ic* ss^ Insist that they hart bad it igsa. 
W e know you can bare qotnaa malana for as long as 21 yean. When people 
teU me they are aufferifig from lack of ctmccntntKKi, or that they can^ cat 
then break^su beesuse of banog coatraeied malsna m the rcctstt war I shid 
perhaps begin to think they are tdling tbe truth. 
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BANCROFTIAN FILARIASIS 

BIOLOGICAL MECHANISMS THAT UNDERLIE 
ITS PERIODICITY AND OTHER OF ITS CLINICAL 
MANIFESTATIONS 

BY 

CLAYTON LANE, m d (lond ), Lieut -Colonel I M S (retd ) 


INTRODUCTORY 

On theones regarding the causes of microfilanal periodicity, Poynton 
and Hodgkin (1938) -wrote that the diurnal penodicity of Loa loa, the general 
nocturnal periodicity of Wuclierena bancrofii, coupled with the non-penodicity 
of the Fijian form whose microfilaria is “ apparently identical with Mf bancrofh, 

seem effectively to dispose of any theories that have so far been 
put forward, and that moreover the matter is of little importance except as 
a fact.” 

But when, after Manson had discovered this condition, “ Cobbold made 
It known at a meetmg of a well known scientific club m London, it was received 
with bushels of chaff, a Gratiano present displaymg one of his few grains of 
wit m the question ‘ whether the filanae earned watches ’ ” (Manson-Bahr 
and Alcock, 1927, page 40 ) Something, so unexpected that its first report 
was ridiculed, is now dismissed as of little importance On the contrary, its 
nght interpretation is essential for that understanding of filarial infection which 
it IS the duty of Tropical Medicine to have , and Manson himself held that 
“ filanal penodicity ought to be full of sigmficance to the general 

practitioner ” 

It is also hoped, in what follows, to convmce that these differences m filanal 
penodicity do not dispose of every theory regarding its causation that had been 
put fonvard before 1938 


SECTION L 


THEORIES AND THEIR CONTROL 

"To use the past in order to interpret the present this is the ivaj of wisdom ” 

— Inge, 1933 

Theones on this matter have been insufficiently based on histological 
study , and the quality and variety of some 800 filanal sections that have come 
to me by the late Professor F W O’Connor’s gift and Will give the opportunity 
to do so, and to place at others’ disposal facts and inferences based on their 
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■AMcsom^t nuxiAfn 


cxxminjitioii, bopjog tbit more obiemtioQ and lof ipectiUtioa win raxkTbe 
Future wnung oa micro£UnaI periodicjty I tugsot Uat the ittitode 

30 thk matter b too lite that of Greek phfloiopbj m the fifth ccatuty * n 
irhen ** thought wts ittll Urgdy uoder the dooiuuoQ of imagroit^ not hiuiot 
rt and controlling ft, bnt ttcting from it and controlled bjr ft ” (Temflc, 1929 
page 323). Becauae imagination haa been ao free la the erpUnation of nikn>* 
filanal periodicity and Kientihc ctratrol ao Gttle coraidertd, rt ia here fth 
Qcceiaarf to try to make dear hov much ncedi to be aet aifde before the 
mcchanlama of perfodiCTty can be onderatood and hope of combating tbdr Oh 
cfTccta aet on a reaannable btala. The mechaniaina of panarte and boat that 
□ndcrhe nucrofianal Jicnodjcity are then conaidered. 


I ilTEftS THEORV (1881) 

Ntrzas bald (1881 1888) that the parturtuoo of ftxati mma waa ^rutnitwm that 
twfoWrt in tho tTuphaok ay uun {m tl to St bcnou tfid thao, by 

EaroonUa oaodaiocB {n tba draUadnf bfood, exhibted tor tbo am tkae aalaciiii 
tUUry tntntd tbi^ end mmd tht riaa of cbo mlcredlarial blood ddr Tba biood 
aight etana Crora gun T u w tb a n aod ba too gnat for thrajwnrli of roeaquhoca to get rid 
)t rren iftheyatre cooctaJUtrat votk ao be aagg u i uj Uut aaeb toknurba ta-o ea peJ 
noaqurton wm dbaobed wban day eaoM. 


COIOIO^ 

For qiueacencB of tba oWerofilariae ia tba lyti^batic* br day and for what, bad be 
ived today, ba rntsht wdl bare caDod Btabdr taxM to bfeoo. Urns oSerad do cooirel 
for thnr aoKraoe ^ day aa tbe caUM of tba do**! fall be offared aa ctaicrol tba parraat^ 
if {cicnAlariaa that i tu r i ra d aolu6aa for 120 houn after blood bad bacfi drivTi. la 
>Vai^ drawn at 01 80 houn tba Pareantaga of aurmon wp 64 8 (20 c{ 31) bi that d m* 
rt 07 4 5 to 08 00 boon t»aa 0 (0 cf 19 X Of theao eaparienceaSmTawUAoasaianSW 
pot coaftmumoo, but MamoM (lSS3b) did doc 


Duccwcee 

Endence ia offered bdow for the cooduaieo thirt mkxofflame are bom 
umuJtaneoualy in nombera juat before the blood bde begun to r»e at rughi, 
end that ha fail u due to their dcxtnictiod by the actlwty of at lean the riacenl 
part of the nlicido-endotbdial lyitem to Una, hamig reached the Wood. 
;bcy would be earned again and egam. It ia rcaaonaWe to conclude that tbe 
more numerooi are tbe nucrofiUnal enlnea into the d^tnictor organs the more 
Erfll they be damaged and tbe shorter wiD bo tbe penod that they win remam 
ilire and ondisaoived in drawn blood that containa them. Microfilarbe m 
Blood drawn soon after midnight biTc paased thnwgh the moat dingerou* 
Brgtsa and Uttucs far less often thin those which have surrired in the arru- 
[aling Hood till morning and with ihia Mma eiperJeoce agrees. 


CLA-rroN 


, MANSON-S ^ 


sa?«a'.ro?ii"“a'sss 

parwntion is a mot^ ^he hyp° J®®' difficult to 

S!’'c»KS"SfarS'5A“ir^^^^^ 
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■uccsorruM ntAUAm 


from cbjie In * drop of the dcpont In cfaylotu nnac. lie added tojetl^r e>d 
tabulated (Muoox 1833 pa^ 69) tbe ntzmbera pmeot at the uqk boon 
in blood, uul in lymph u meaaurcd depoahed chyle In mine. 


)q blood tfam waa tba twnmJ pertobdir arftfa let p«ak at nlffat. Of tt« iTntFi 
he wrote t “It acetna to bm tW they tndicaw that flUdal embtyoa an o ew tf 
co pi taad y jMualaa Into tbe I jin ph atnam. Tbenfon filarial peri odid tT h 

peodeat of tfae act of pt t uri bop wfakfa fa more or kaa coothtgogi proceaa. Butwbn 
tbrae fiffotea ate Mt oat aa Graph (Chart 1) the numbesa of mlcxo51ari« in tbe h iupb , 
dwugfa aenw wen ahriTa dm* were not at a naarty ewmant lerel but ban day-tmw 
oiybt-tinM fall oeaity but not quit* to a«se>. htoreenr in bu Can XIX 
(1S3i^ \h* mlepriUarial lymph cure* did ftO to xero ber* blanOK had aapbatad v i tva* 
Ijiap h imdca fai (b* Wt tr ofa at 06 30 boor* and ■« abundant actfr* DneroAUriae vh£b 
■och aa pira dec at 10 00 houn far* hte oooe rober aidt. Heie actiD the blood 
penodidty waa oonna] wbila tbe lyn^ pcrtodjdcy had moraine ccak wd cemp l n i 
oiflitfaE. Tbeaa fifuret eatabtbbed tmadciofiJarial coAtant of lyiBpn which, *0 Muwrt 
put h, «a* cc ha way to the bltMd by r et m et ad * compenaatory trwrit. Ltatjy rcfaidair 
C*M XX tl (IftSS), blutaon drew dtT fitdd from lymph acrotnin til 00 boon, at 10 00 
to 17 00 botoa, aikd at IB 00 hoim and foaad two or thtea auernfilariaa cc rtety aSda 
(tbm « era tuat* In tbe blood) and wrote that they oh a am ** no periedidfy wbfl* they an 
B tba ^ytop^ wad that teptocactkai ia centeiioua lauraae, Vua bkmafhm* 
nmathw! “ EtwaW dota of tfa* dof lad aberwo that tbo tmbryoaof fManalD it t fl w i *] 
hnririi did net the c0 durinq tbe day that . and cnotnowa r tambwinB ef lymph feem 
an ooxifqr lytnph •onont and of cbyVxta umt abowed by penlatereee of crabc^ b tbeta 
fioAda dml>^ tba daytbTM chat dw proceM of parturirion ta /* imatfU ooc* befua wai 
thot aowpeoded fat tbe daytira tbe periodidty tbmibr* muat depend ca ebttanatxBeaa 
ntttst fat tb* blood (htiMBW Oua and Aupct. IS27 pafe fiOX 



Ot WiM 


C^aar L Arwfjr reasta wl wlmilarW 
o btoed md m c lj rtam nHa« laada w 
(h* ■«’--» iwon «* its rjmtrati’. dsyt. 
Drava frets dw aoaban ia U4^aow‘ 
fi*{ar 0*0^) 

rtM *• «>wa' nart w «• LMtM, rt $wrr 


T wBi t^ fat htutfoai^ Caaea I\ and XIX p«nodicitT of mlcnfilariaa tn lytoph 
wa* onphatkafly p r y— I h dj0end frean that in th« blood by barinf a mornbts 

m tb* IvttvT tb* petiodiriTy wws corsplat* in tcane tynmhaticB aawaa that of p* 
panodldty of I*« fa«. Tba aiccdficanc* which blatcasM hisatif Kt oo mch da^ 
in tbt blood m danm by Ua t i mu i rn et tbli pa r a ih * as L** dwM aed by bh Ctriny 
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Tm qWcu wrtfa pcn bte nt ij tw *u c< of tbeyoqa^ Nodo cf tfaii fa cridcnca for periods 
pcnuritkai, bu mm of k ntiadet tfak. It fa not acoeptablo cr idc ac* (or aatmam 
ptmu h m . 


HAnoK'i njumox or ntoaotc rjunvwrm'r ctrouoxD 
Tku bts nwt both btiMacM't diScoItka <n thfa Butttn Tbe manciQtSjoo of kef 

tsiccofikml Uf outxncfa bott** body with •bort cam io. It be* in Akrotf^ 
in. 19^4 of (tw mkuIo'cndotbcljKl n- ncm m cn endty Iti actun in dM toechcnm^ 
periodknr fa nwre ckneir cootK far W b«bw ( it iM«d mtreiy be mM hm dwt {ta maim 
«□* ck*mry nucrofikrfae pT t mJ e d cbry or* wdEofandr ne«r to tbnn. In tbi 
«|Mcr« of faydtocefa or of tUfated tyntph tcmcI thfa mod not be ao for fai tbcw cbt 
•erlr* erJlt, t faaxt in tuflhntnt number do not p«M the wiH. IlKiT prey fa afod end (b* 
bona BTC abot out. Thn catakUnttao etjaaOy zneea the dAcahy ftfa by Stm>u lUo 
n977) «ben barlttr OT«r 24 boon made ■Idnorly exaninadm of bydmefa fluid Iw 
found tb« Bmben of mierodnrfM per e.fin. marly enmtant. ami added, Thfa aamu to 
indicate tbu in doaed aac Ilka tha nmka nfmaba them fa no perfodjoTY a* fa »frTTy.< 
bi the (beory of cydica) pamcchnn. Bat periodjdTy of mionlUajial birth* doe* not 
mauppoa* perkidichy o( micrafilarfa} nontbara In bydmotfa SukL A patiodidiy of 
mrtha mto any aeetoe of tba tympb tract «Q1 not ba manifaat dowmoam fnan dwir 
btnfaplace ca perwdkny mtfaaa the Wmn lemttr i there two apota fa through, fa ttca 
■iHi fa aren. Fl^ that acepa into tba nocinal tunica! ee r i ly mapea alct^ tba tymcfaaciea 
oa the apatimtic cord. If tbm thoukl baobatmetien at mum tpet tn tha fate flow tbroach 
than. Use ftmd wifl coflect op c tieam of that «pot aa h ydme a fc «nd if famalawoaafa 
griat birth to youP< dlrecdy tnw tha h ydroette hwfllahow periodic Lnuciiw to mkt>- 
Sarial maasbera a the eoOec^ fluid. ^ If mkrrfllanaa an there bacauaa tha tyvph 
e u rrent baa not oedy been danw n cd but haa eren been mmed, eandtcie(u tra ant 
mer tii' ahoormal, but tb* qtt u t of thair afaBOfmalRy fa ncfTaiatOy unknown in a dwi aa ii! 
detsl, and eforems frare tbe abnonnal tn the aoimal fa btadmfaaabk 

Tte fflfermea of ScTKiUB Rm (hat the mioeCkritJ ctami of hydroerfa fluid tradd 
aematrfly ahMr perlodicrTy if tba rfae of the nuoroAkrial blocd tide were due n periods 
mamma l part url t M ca, I cannot accept. 

bclwf in tba purpoarkameaa of beary dxOy momCtr «f miereCfanae 
iooki at die mareer from dia rkwpolnt of the MTaaita waUtr* that f tha boat caOa for 
iam! dactneetKD Tha ocmity of hw re tiad o-exkKfaeba] ceOa apainst dliferaot wtaoal 
caraartra in hfa naaiiei hai iPcc e ai iaglT been reported iurrof the late few year*, wtd it 
rwU abundantly for hlf k wei efti betor* and after tt rH> into tbe biood. Tba aperiat 
haa tuTTbed )tBt begone it la aufficktubr probfle for there to ba in tb* aenaS qnafU^ 
of Mood that moaquito otract* for meal enouaflt tnigetUarwa to infees, but not cnenn 
to kd (t b efo ac they ban t cac h ed tha ataa* of htfocU r it y for tha next rteten. If the rian 
to ^ csJatkn tp eciea dunns M (renafor from boat to h^ tz* paat, it anH hart aunhed 
ofify beca u ac (c bat bee eui e uifl^fattUy profallc m autmounr tbcmi IT ieatra^ haa 


UAMCCria corrrwoc. exMaomzs 

Xiio.aoa'* eguduske that he bad dneDtercd the daytane facuirT of miaeAlamr, 
wbiefa we* required by ha hypotbetia, depgtded on ibe aa a uni p ti oo that at tha dm* of 
teftl death tb* flow of fyrsph oeaaei chat the atate of aSnra foaod in tbe hne* and frrat 
t^memic araerfae 6 boura after death — cn thfa cei* after fatal cytnida poraontoi*— *** 
neeetMrily that wbkb had been prea e n t at tba ton* of hn death. That atuapoea ee* 
at tWTt rime JmriAjMc and oo It retted hLotaON^ bclkf that be ntnr had pr^ of tha 
of ^ tbrory Tba a d r an og fai knowiedfa that hare raadared that anumpdon 
no iartfeT Joariffabfa may briefly be g-atated. 

Eight year* lattr Bvrosnmi (1905) fotaid that lymph mqtbt flow aftg kf*l d**ih> 
gid in Httwet to qur*t.on of mina m to lympb flow after daaih from eyanxfa 
put ihrousb ^ COiateOQily placed at rey ddpoaal djtxt. ISIS I«T7) drttili of aspari* 
wfoeh tbowed that an IdDed with pngaautm c ytnida tba lymph flerw for ftgn 
on death, va* marked^ in o eai ed and was pr o io med afag rt (Chart ll). Tbo 
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t\ncnwTtA!t nuuv*i> 


ttfdy be made dunn* t bo«t • life. Secondijr at a time wbeo AaoTonr'i coo 
ceptjoQ of the rctlculo-cndothebaj iTitem as a destroctive end defemlTe wbok 
had not yet been fonnulated, Max»ox could not know that a long life of mtero- 
fUanae outtide tbe body wta not endence th«t m equally long one was oonm] 
m h nor did be realm that though a gre at retero^iHal mortality lefT cd no 
good porpoie for the parantic ipeoea, h acrfTd tbe boat wdL Thirdly be 
could not know that «hat aecmed to be a fortunate control wta Titiated by the 
ignemite of mry one at that time that lynqih flow did not ceaae on doth 
but that, on the centmy in the peenUar camimstancea In which that control 
wta tum ittingly put into tedon ^rtien the man took hh own nfe, posttn o rtem 
flow of lymph wta prolonged and eren increased, to that after the • death 
tt would hm earned microClariie In It to the up g pected poamona In which 
MANJOtf found them. Hia flodmgs are no longer ac c eptable erfdence that 
tmcrofllarTte harbour by day m tbe longa and great ayitemk aitenei, and >o 
produce penodicrty by their dtaappcarance firom the aHn Wood. 


3 LAN'Era THEOR’V (1«5). 

Maxion had act oat two reaaottable aHemattre eaplanatfom of mkn>- 
fllartal periodicity had choaen that based on a centmuoua birth of tbe young 
tamed ate penodieity by the flung of the hrrte tcanebrw and tcanrvheie 
in tbe hoci t body by day and bad idecnfled that the at the luogt and gnat 
aytteimc arteriea. rcewa appear to bare been atvpieatiooed for aeartf 50 
yeara. That cahn was hrokoi by a paper (Laki, 1929) whkh, reasoning ^ot, 
cbote tbe eapUnation whrch Ma.v* 0 '( had rejected. If microSItriae are abaesc 
from skin blood by day because they bare withdrawn to some otha habitat, 
rt u physically unthinkable that this should be the orrrwhehsing current of 
tbe great sytterme artmet, for tbe larrae hare no mechamam by which they 
could atta^ themt^rcs to the rascular walla. It must have been after tbe 
death of hlASiON a paiieot that they got where MAtotr< found them. 

As to tbe mrchaniim of a poaaihle daytime withdrawal from cutaneous 
to deep captQancs, their ending to a stop In the Utter must either be by 
penodre contraction of these, if they can contract, or by penodk postarmf 
in them by lame dunng tbe djr TTiese forces would hare to coroe into 
action by day only when infection was by If Aorre/'/i in moat parts of tbe 
world, by only when rt wss by LO 0 Iom, and at no time when it was doc 
to AtairtfiecidUM/ms pentm or to IF m the Fi^ rejfoo. ^Vhat 

would happen to the adectirc raacuUr mechaiuizn n a doable infecnoo was 
beyond Ljt.*a:*i fanagioation again if the effect were produced by Urral postot 
ing at cf Ttsin boura. This wss it once discarded when the blood wss drawn 
and lastly the use of no such daytime haunt by IF haaernfft bad been demon* 
stTsted donng 50 years of study After an, of what use would such daytime 
TW cwcbMswD affedtiw twitihriiwt S rtwi iMr br Dxocxix 
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«t rrtrukr and m rc«uh of laltritiu cu througfa cIk wiAi of tfai 

Ijnpfiatic) to th« blood raram [remti of] the lancr Mconie thiduKd «ik 1 fc-niMiirili 
w th the raoir that the nMTOfilwiae dje iit titm and tet up ae inltftaa lrx-»l reactun. 
CoMTKH.— Kona « M rcportad. 


DISCUSSION 

Hoa-aTTT nivdml, the mlcTofilatUI blood tld » locbd n br tW mritm u miws* 
tknabty doc to tsdcraijon* of mknfUatiaa bct w wi (bep aiwi »h^n vcaack. It baa ceM 
tfcd abot (pane T 2 S) thot our ksperfcct tooa>fed(e of toda; ia }ct to far ahead af 
that araSahla to NlaMO't '■ben ba dm* ibeae conchadena, a to fortdd 1117 mmrtm 
that tha ndca may be cxplaznad by ndcfofOanai mlfT aite na. 

Resardme patmtta ideaa of latular tbydaa t of tnflmmatory txacVi, h h ora 
60 yaara alnca hlAxacct (lfiS3 08) armta Uua of tha nwat tcyuhr of them Scant 
artien mamtaln th*t tha rcounance of the attach of Irphattmid hrrt bean cartdo 
rttuicA to tha hiaar cycle. 1 bare ftco ioquhad about ibja fran tsv patkota, but dcvct 
aueceeded in cstahTtib^ ny proof of aoch tcUtlDoabip. But tbelr cmbatiaca 
hat left Pemms and Hocoxik aalkfled (hat in thru patmta tbcae attacha b^ Tcralai 
time rbythm, not tha w mi Mi m aB boat^ but tonch the tame mcr tmita of attacks fa the 
tame tett. A poaaibla ccpfaCMtloo of that rti ytbr u la ccnalmd fattr 

As t thetr ■anoated canae of tofltasmatory ttado, Run (1012) hal afatady adCcB 
fa ha Appendix \U^ 

Fcnodtc (Uadtatva of mjcrnfilxTfao may be a factor m the prtad uofa e of lyceph* 
cnititla oToUth vtd funknliua. The hioa of the caae nUtad abora wotdd tagfett 

dut the fodden outpounsg of mlcro£kn« into the gjattdttkr robatanca [of tyta^ 
Boda] and fats tha ncuea ragbaht was coDScettd artth the i m ' j ar ri ft atsacks 
of odMtfa and orefatk. Agifa O'Cerasot (1931) a t om of ha Casa X Emy phaK 
«f Qensit throogh tha mS ^ the Ipajf a uk could be tacn. Tba facaih ewari be 
made out a aome aeotaoea end tn h teemed a be taUtytd or b af fa e ntd aintol y 
’Ihe BadhachKn by trhjoh tba mioofUanaa udgtite fttca tha ’rk fah y of tha petm 
tmta fa the kiatai of ti» ly vupb at k thtough tha araBs of the tacna lytr^hatie tt tha 
anghbeunng ttnaQ blood rcaaefa on thab aray a tha gcnml dnfaUtlcn has been dci 9 tn< 
•troed TVhik t k no< efatmed that tha is tba usual method f nutratxirt, tha datermbed 
nctvnc of lOi p at fo ima oet aufvesta that tha mtlbt be tba case 

Fot oaTT SO vesn there has, tlvn, imdetbeo the aaaar* { certain a m r te n the e oa ee p- 
ttoQ that oucra&kraK art tuiUenly ontp ou ted into tha lynyharica. and throea pacrce 
thcrr am mu dte hetneo of blood reaaetL and to tha POTxrtra end Hosock adcM th* 
cuRgcaaon that it m tbs death of tmoofilanaa during tha migivxm a>hich csoaae th* 
C&aeka of acuta nAamroaten. O'Co.xKCUt beUned that In aecbons cf tytophvrtncocek 
from X ha bad raual cridecca of eacroAlarka as pmeeaa of thn tzansrt Crtan Iytt<^ 
to biood eaaela. Cnciml cattodcratsao (of «bai u m a afet eraa) k ar i a p ped up fa DM 
foe of the miceoAlcnsl sheath durfaf tMsos paaftratfan. Tlua Urral sfaaMib a* k 
dtaX of hoobaioema. of a ctui a ok adei Ckl of other nematode braaa) k a epOTeed bsc 
atfli enckamg c uttc» cast at tha laat redyMS 

Befoe further drrelopenem tha Urra eacapra fr om tbit, and n doa* so br ptnsow 
anth its bead tba end of tba theath egafatt *e*oa oh at ae fc and by borms tbmuefa rt ttfamh 
or into that ob«tack For J// t a a cj ayci tha a norp ia Or the wail of tha rooaqurto mifort, 
tba larr* cnotfaomg dera hym ait m tfaia tamo' body after leamw the aheath behmd 
fa the loioen to ba paaaed later m tfo dr^p tag *. That thk tfaigmoCKtie irrT* 

penkta era in the dcBmtne host a rerealrd by the p wa apce of cast thaathe n that heat 
TrtorT*(FfoL. I and **). Oftbtff xn i o ocineoofmMh e aj hffa ffatbedafhutfTabiMeno ewhn ^ 
k ^*^aallllr Tbcra enuat fim cam gate wide uae taao aa kcu re for the chftfaoid m 
which the tbeaih k . for era such conoderahle langtha of shad a h a* eh at these 
art hard to p-'fc op nl It k Ubeiy dMi abort lengths or truaiarsa aec t wca of othen, 
perhm of many others ha\ been nuased. , 

^Mca Um of tkaoe pro e tt aDon, without (oas of their sbaath by nenatode 
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BA.'Asorm.x rnjuusn 


Tnx MKaoacorio ArruuKca or Flan Tooim Auuirr Duit. 

Tba nviin tfaw s f t* in (res microfijnA dead bc(on ftran an that tta body 
wider it! ctttlcolar te r la tfc p mon brim, ita fsoeral oaiOna imyular io nMH m 
diaperacd. enkrsed and perb^ lakid^ ztof-abaped with mon desptr ttaiaed 
— ufnet fine abaped n Im - tfw f dlwohmoo {earca Eoen mk rofi hjt iJ otnlra vnb 

R»ti in rt Tbets appearmce* (Flc>. 8 xnd SO to 54) bar* been baxubed asid* ta utsfko 
Own h ben then, it h vucfcsted, ane&nioQ fo man y ^* r aiStn , but conouiiT 
art*(*ctian Ocofted to paruiua, De al b y ho*t cell* looiLiaf coinpleialy b emi y u 
Sab many mKroCkrlaa w«re caldfy ta ^ (Pl(. 0) abowior deep dMoae haematcixybn attUy 
and (nct uri nt, affactmc pei b*|W part oedy mkrofilErltl ler^d^ cnJI in oew km 
produdne, round ooe fraenm ao appearanca aa irf a caOm fFlf. 10). flat-coikd entayoi 
tbow tbsas mow cbanfca. bet ealdflcaaon baa not been Mcn. Unesbiymttd afp 
found in 0 to 100 par cant, of a te d ona from d i fflercrtt peiaoca (ac« Tabit) an kir>i «♦■»» 
kOled ntra-oterme ctl«i tbeir mieU be c otu e Blwlcfined and di ta p p eai M o^&atko 
of tfae m baa been iren. 
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0 CoevoM arenoDed h siph oodm (tsm Mveottra isfreird pmeca. Only b (be 
flra krr* abobtrd a* Crar Abnal yoaor (mL and tb nodr litca vtra 
iayijinal. mf iinai, nd tkae of both odea i Cot dtbt l^s aw l Hab, pitaardt at and 
bora daphrmfio StL. nefa utfunaJ Rku, riflil and IcA nUDfoiaaL 

For tba t ua ti tio o that tb* acofie rtiH«>nMto» y aitmrin bo^ under gauidetatwo an 
dne to tn uai ra berth of tmeroSanaa. to chnr ptbaaipireu btmowioc dimugh twnea and 
to their death therein, no aradaoca Ins bred (ooikI. and thera tra atrimc na ata u ax*^ 
soeb an rtplanadon. Ann* ki&ntffiBdoa with fervr ha* oamfacady a bacterM caifav. 
Hat h ao her* ? 

B*uaJU rot a HaemuL CAun or Timx iMUjuatAToar Attackl 
hlcKxnxr 0031) tfauaaantnaunad htt atudrof thirty*aicht eaaaaof eba aom 
tmtoey tttada tiwt occur bsawilr at kaat, la (epbanmid lanba) in thra fikrlawt. ^ 
bebet that the ahaoat anitonn Jwtuee of poa i nra calt ur ea in thh aeries of caaaa ^ acota 
fikrial lymphanfrtiB atnebed under each aaeptk tecfaoxiue fndlean* that barfetlal t nraa^ 
doM not ahnya «« ms feaaraUy aceramt la* tba acuta tsasi&atatkea bt tbh owditb^ 
Isext fci tasa cauM t c p o iU frocn Damo't taboe ate ey that, when ebphantiatl* bad be« 
p r iAwrit hi dap ^ oc^udinc lymphatic bnectiooa, tber* tiiltbt occur at B 
.MW ^Tt» infitiDRiatoey attada in tbt elepbanraid lanb and that haemolytic tfrpea* 
cocetta araa laatated from th* oedema fluid wiOba Aran 

at mo ^ hM (Damxa. Fold and Kotuio. Houaki, DalXKxa and Fni9 
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5 KHALIL’S THEOR\ (!*») 

Kuaul*! t hwa r o( tb* caoM of panodkftr b focul Id p^«t vkb 

knc cijiriKmd om (Kjl\ul. 1933a) and with fwtfacr n^RvctMa faj ■ birr pap«r (IKKbX 
It mo«t aanxa* mora or Ibm ctamoaoui psmnMoA, for to cw*a pamdkbr h cdi h 
tha ^>rcbl featurrt of ntiDt of modttr vonaa. of fnrjtr aod of a periodic flov of cbjk. 
With ixnbrr vornu in tba upper Unba, to h b bold, tbo lympb &oir will rwrr y 
micrttlUtrbo qttkUr aiwl coOQnooutljr tba gfraat t am . With wom ki dv bon 
lanba h w31 tibr tnm into the rrceptaeulm diTll, fnd wMb tlw hoot b ttwy 

win ttacnalB there when be bo* ciovn at cdEbt fi ori y win mao to p ra dpiUio tb fra , 
and thetr paaaac* eow tnb wiD bo helped bj tha altrr-food flnah of cfayb wbkfa vm at 
firot rtated to bo^reotest 1 or 13 boun afear food (ttkb tamnfreqoiriar t^tbe mkh and 
ahoold ba a tmdday ooo) Howerer Khalil (1B3Sb) adino«bd|ed abrenfitv kk 
oulhocitx arlilcb aaid that tfao aftrr-kwd Iknr nma^ fTc aiaat for tbo 13 or 13 boun ths 
foDow meal The interacttoct of ^ taro foma of oranty and di7la-Sow Khalil beSmd 
to carTT of the mkred Uri aa kuo the blood about mldii%ht 

Cocmx. Noaa wn publwhed. 


(1) Tb* airapoaedcitiftg of adol t «oniva b baaed oo w ti fl if 1 m IUmbs). 

Bm who ao KHALQ. puti rt, fooad a k pha mb ab fat 33 to 75 par cant, of p ano CJ 
tha nDci>f«eTiodac Ganaua of F^L T%e apt fa queatfcat tep o t tel oo ddtty taaica aod debt 
fomlea and It aara that of tha tetter “bv or about thtea-^roartan had aVphndaa of 
tha aim aa atefaMt a third aeoPOf the mak caaea (Btiot. 1012, p^ 40), Tbeae toa^rd- 
ficaea mHohrn actaaOj tk in a aectkai wkb ifae aign likam heiidint, "Tba lower tanha 
■sd actoRsn aca tha parta of tha bodr moat fra iy ie ndy affaeted ”* with akphaatkab b 
FrfL Muteinar e hk Appwalix \ I Buia aoBlracd kt tom gnnipa rarkxa rihiml a«ia 
tj ki aisoef patseca (BIT toaba cad 8!6 feaaba) and mtd 

tagunal oodei eobived in C 5 to OO 3 per eett. ftp the be ) e}4 paima 

for cabrwed tpttnart^t aodes sad foond (hb wwwfirifia b S 3 par coat, onlf U the 
ont pbriical (otti b o food an index of worm aMcc ta the Mbrr tba biftr UtroiM wiO 
tha ^ trues pKSurt 

BiSToar’l weak (1928) afE m d ed farther atldemo that ktlav other accepted cTeiieal 
alfiu of fikrwna baa oo baarlrit tn panodioty lxa\(iuda 170* £. l o mb l? dindaa the 
periodic Alarbaw of tbe New Uebridei to the west, botn the naD-perkxho feta of ScBOa 
and tba telb to the cart . o<rer ttw whota area arphilb b abaent sad y a wa in rtnVfhnoJ 
a unhajtol . bat tbe lympa ooda enbi^aenta wh*d> the Utter camae hav erbairied by 
the time chOdno bars frown up, ao that tbaaa aslajftsacfrta become than ndaQy 
Tsluabb index of tba aftsof of parent woe uu ot duh bwt* In the noo^nooic area 
BtsnoM fexiod e prt ro d desT nedca eolarfcd in 48 7 par caaw. ef 1;O50 p w ao p a. as aftsH 
23 9 per coiL axHoioed in tbe periodk area — apparaot eridenea io ftroor of KaUJL’i 
theory tha tUSerenca bebtf 2 1 to 1 Bat in digweit p«na of tha DOD-paraxhe K«a 
itietf, dwte ara equally ficst diffoancaa. tba apttrachlear node* bamf cnlDfed in ST'S 
per fwm of 833 S aaiio a n a and in S^l par cant, of 423 tnbabrtonta of the atoUa, or 1 1 to I 
C « (in f that tbera m the ane p er ce a ti ga didferenca b e iae tn ddfaren t part* of tba nco* 
periodic area n therm b between Act area aa whefa nS tbo periedic ooe, kdnf of adob 
worm* ae ao hidtcd cannot be aifo ift c e pt in explefaunf tha prcacnee or abeenc* af 
petiodidTy Tha Tarbiktoa nto*! here noeno d^mnt taoso. 

(2) A to dw mfliwncc on pcdocfieitT of an lacjcaa e d chyb fliw re«dtfaif from the 

hour of tte maki meal, ktuut. Tm m miwi hb authority mrben ba put forward cb theory 
and ba mwda oo contral. Muocn 35 yean aaitper baKl talnn up the pofatt and. a * wa* 
hb wcBtl, hwt ecdTCiOed H. Filarval periodicity w idwn tte bcun of cxenf 

art to that tha auddb Rmain] meal b taizn t ird iJ it if l it and not, m inoai. at 

Biiddey (NLkJOOai. 1«*3 pas* 59). . j-i_ i. 

(1^ pcctoia as factor In produemf or not trodaODt pafiodidty would rmdiiy w 
by medleal ineci who bsrra put to had, for wane rabdraiy trWal com pb*^ 
patiem iltowfaw filerbl pemdkity 9«h tma m a ejuu* cootrof* mutt bars hem fr* 
faa tba F**^ 'pirrt b ito mien ca that they bcTo ahewn any affed oo penodkiTy 










rio R — IjirU cfTtct of microfilnnnl dijiolution the Ini-Le- 
hawnn loit their normnl sharp definition The Wt ^ 
r r“h»;; ■"''‘''‘"Jh' local appearance of Riant « . 

a chanse rare m l>-mph nodes in O Connor s mat^nl 
From the marRinal sinus of a lymph node from mIiI 

tunica soRinah, From Hie c„,cifi"eT>oC”n'R' Yh'mY 

Tio 10 —Round one fracture n callus ljU dennut Im. i 

and the microfilnnal nuclei show f^ntu" 

]Cli?r Utenne stem of a killed female TT banrroftt from Mul Tlie out«tr.*fi-hi«er i i 

nformloB curve, such at in free hnokuorm larvae result from the action of ncRntiv! bteral th’i^nt'avi's'’ 




10 








Fig 10 — ^Transverse section of the ovanes of an already dead worm from Rod Each forms a homogeneous 

mass enclosed m a defined membrane 

Fig 17- — Uterine coils of a \\orm presumabh already dead, for there are missing the body \\'alls and one of 
he uterine branches in the coils which in the material had not escaped from the host’s tissues these are m 
immediate contact with the worm’s uterus and intestine From Jam 
K*U 'The body w'all of a killed worm on the left is folded the uterine branches not being full enough to 
haUoon it to rotundity , the body wTills of the alrcadv dead worm m the right-hand loculus are distended to 
capacity by the mother worm s body fluid which has crumpled the poorly stammg worm vascera 






^^G J4 — Ltcrinc ^tcm in an carK in(,c of rc- 
fillmR The section ihowi about twenU-four 
cmbn.c« v.hich arc uncoilinc for the most part 
but sMth coils not intermmchnK hrom Pen 

Fig J"i — Ltenne stem sMth contents further 
dc\ eloped than in Fit, 24 Its contents ore un- 
coiling embryos that interlace in a pattern that 
defies countinc hromCoi, 

1 ir Jl> — Ltenne stem in a stace of refilhne set 
bter than that seen in 1 ii, 2'* Fhe larsae are 
outstretched and arranced in strands which them- 
sclses interlace FromKra 




Fn. * 7 — MjovAkra* du^rrrd a ui ntTr 
■xdan <mr< o4 

PfO. — Pkt-cE-tkd cmboo* daatmii b at lt>- 

hBph aail* Am iloL 


Ftt. -Carbne pjmdrt vliciax to iW nik 
Ibba Bid B tbc 6bni n — bj •«■> 

ITB^ node of dog mto bn*« ^BfihaDc cW? 
bad brm B ja le d i^iotraeB of tka Dode. (TIae 
accticB ■ lift trm Pr^ C. K. Damn.) 
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Fig 30 — Reticulo-oidothelial cells fill an inter- 
median. smus of a huiph node This field free 
of microfilariae, lies next to that seen in Fig 27 
where the cause of the host s reaction is esadent 
From Mul 

Fig 31 — Parts of two Ivmph rapillanes on the 
dramage route of a htdrocele The upper capd- 
lan contams no microfilariae and its endothelial 
cells are normalh flat with flat and deeplj stam- 
mg nuclei The lower capHlan has microfilanae 
in it, the endothelial cells are rounded m profile 
and their nuclei are round lightls stained and 
nucleolated From Sal 

Fig 32 — \ collection of giant and other macro- 
phage cells in tissue round l>Tnph capillars 
t essels that dram a microfilana-contammg hj dro- 
cele These cells are destror-mg larme that hate 
escaped into the pen-ljTnphot-ascuIar tissue 











Fio 36 — A diluted nnd cmpt\ iinu» of □ lymph node of Kud Its dUutotion under mised pressure 
has snapped the fine baffle fibres that cross it the condmon is manifest because illness of the 
host had sterilized the mother worms the node was no longer receiving microfilariae and in their 
absence the cells of the macrophage system did not conjugate 

Flo 37 — Recent lymph clot \ihich has shrunk away from the wall of a lymphatic vessel in the 

testicular region of Hoi 
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Fic 48 — One of the three adjacent coils of a dead worm whose bod\ tissue is calcified Invading host 
tissue has earned wath it blood \essels A capillary full of red cells lies inside 

Fig 49 — An almost normal and almost complete microfilaria in a section of the liver of Hoi The 
nuclei stam deepK and he with fair compactness In places the larval outlme is slightly irregular 

Fig 60 — A much degenerate long bit of a microfilaria hing in a h\er section from Mala. 











Fig 64 — A long bit of the tail-end of 
0 microfilaria tthose outlme is irregular 
and Its nuclei scattered and faint, from 
the spleen of Hoi 

Fig 65 — Tv\o microfilariae in a 
section of an adrenal from Mul One is 
in good condition, the other degenerate 

Fig 60 — Bits of a killed and an alreads 
dead microfilana lie close to one another 
in tt pulmonary al\ eolus of Hoi 
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7 SEcnonu. SoMMAjrr 

Theonc* on the roechmatn* that uodcrlrt mkxofiUnil blood diet hire 
•cwtlly been cocaidcred aAd eanmariEed. Tbcy were ill put forwird witb- 
otit orrth tttfu ffia ent controlt. Contnil of my own Uteory hai now bet® node 
poaaible by etody of O Con*vow t j^cti matcnaL The finding* ire out in the 
Section* tb*l foikrw 


8fcCTlO\ II 


THE RISE OF THE \UCROFILARIAL BUX)D TIDE 
THE MECHAK18MS THAT UNDERLIE IT 
A. INTRODUCTORY 

ETidence ii here offered tb*t in tbe penodK bincroftan infection two 
oppoimg force* ilupe tbi* chcnercd tide u tbc tytrenuc drculMion by 
cynchroruxed pedstiluc pertundoe* the mother wocm* throw Omr young Into 
the lymph ttretm by nuenpbage •yeten tcunty In the lymphtik trtei 
and ioog* of the hott the young are fubject to destronico before they reach 
the •yetemlc cimUtion thnr complete destruedoa mean* no tide, tbeir 
partu] deatroaios • modified tidal chart 

I Poircn TO BE EaTABLUHiD ro* Ctcunvt Coxweno’* bctwien 
Matibkal Utebiki State akd MioonLAaiAL Btooo Ttw. 

(1) Penodrcity pemsted wdica the nutmal wa* got (2) Only killed 
adoh female w or ma hare been oaed. (3) AS tbeae worm* got at the aame 
time hare ahown the Hffle uterine ctatc. (4) Uterme ttalea of killed vorm^ 
got at different hoar* are thoae that would be evuaed by eynchroniaed periodic 
olciine emptying and ateady refilling (5) The phaaca of the microfilaria] 
blood tide hire correa p ooded m tune to tliM menne difference*, after allcrw- 
ance been for the rate of the lymph atrram. 

2. The Stbdctvie or Adolt rmuB Yicuo, Knim amd Mbiaut 
Deap 

(i) THE COAjm AKATOMT OT THE CEtlTAL CAKAI. 

With two exception*, the tubular gautal tract of the fenale II itMcnfH 
nm* taihrard without loop or rCT - cr a e from the rulra near the bead end to the 
talL It ta at first tin^c, aQ of tin* portiOQ bong commonly named ragma. 

foOed OWM t 6 *i worm*, *1011 or bml. wrro «tjv« mbca tS* ncwwl ■»• *« oad 
fivd iJrMdrdr^ ibit tWr bod diod bdgrr due was tfleOrd. 
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yet It IS made up of two parts, structurally distinct The vagina proper, that 
nearest the vulva, is a muscular tube with two coats, the outer taking the 
eosm stam and showing concentnc fibrillation, and the inner having haemazo- 
-sylm-staming nuclei , it is habitually closed or nearly closed with an empty 
lumen and at most hours evidently acts as a long and effective sphincter The 
second part of this single portion of the genital tube is the utenne stem its 
wall consists of a single layer of deep cells, both nucleus and cytoplasm pre- 
dominantly taking the eosin stain At its headward end it narrows as a cone 
to join the narrower vagina, and at its other it divided mto two uterine branches 
with the same general structure as itself These branches then run on tailward 
side by side wath walls lessening m thickness, and each continues as an ovary, 
at first tubular but solid at its distal blind end The first exception to the 
steady tailward course of the genital tube is a complete loop made up solely 
of vagina, solely of stem, or of their juncuon It was perhaps a loop consisting of 
stem in whole or in part that CoBBOLD (1879, his Fig 39) described as a “ vaginal 
pouch crowded with embryos ” The second exception is the doubling 
back on themselves once or twice of the ovanes close to their blind ends, so 
that a smgle transverse section of the worm shows them cut four or six times 
The whole tract is then rather longer than the distance from vulva to anus 

(ll) nNER ANATOMY OF A WORM KILLED BY THE FIXATIVE 

In a killed worm (Figs 11, 12, 13) the ovaries are cylindncal and finely 
granular with eosin-staming nucleolated vesicular nuclei round which the 
ovarian substance forms the cytoplasm of angular ova In cross-section of the 
ovary the ova radiate daisy-like from the axis, while a continuous nm of ovarian 
substance persists after they have separated from this As an ovum subdmdes 
the nuclei become smaller, increasingly take the haematoxjdin stain, and are 
so sited that, as the embryo becomes vermiform and they take station along 
its axis, they show up the embryo’s attitude This is at first that of a convo- 
luted, and later of a flat, coil On the way to its full outstretching comes a 
stage when the embryo is bent once on itself , all outstretched larvae m a stem 
evidently undulate in unison, just as do free hookworm or strongyloides 
larvae when by negative lateral thigmotaxy (Lane, 1933a) they fprm waving 
tufts projecting from some surface 

Conspicuous characters of a killed worm are a detailed clarity of structure 
and a sharp outlimng of mdividual intra-utenne young, which, at the same 
uterine level, are at much the same stage of development When advanced 
pregnancy has filled the stem with outstretched embryos, the packed columns 
of their axial nuclei are marked while the body fluid stains poorly or not at 
all m utenne branches of medium thickness the larvae are in the flat-coiled 
stage 
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(lii) nxia iNATOMT or a wokm dud uron buno nrr Df tbi rmnn:. 

Change* In * inxm that ha* died or k ct the pout of death may be orer 
iodeed ualc** the hTiog pittnre it frtab in mind and tince a morm maj die 
*t any ttage of pregnancy the intra utenne coctcota of one that haa recentlr 
died may differ from that of one in the tame malenaJ that im killed by fixing, 
and thia may lead to «Tong coochaiooa. There i* need, t hr", to darify thia 
point even at length. ComtDOiUf all imhom atagea in a wo r m already 
•how diffoac nuclear atiinmg and an embryo m the atem h±> a powiy defined 
octHne. Later (Fig 14), the ttema cootenta !cma further in definition and 
may »etTmnEly ^ made up of yoeng at different ataget of derdo pu teot. In 
Fig 15 one tluck atmae branefa containa obacurdr fibrillar matter the other 
k full of granules aeparaong a few embtyoa more tadward, the gre 

confoaed and dimly outlmed, and in each oruy a limiting moBbnae endoaea 
a fairly tmiform maaa (Rg 16). 

Another change waa oatce teen. A worm had lam at the edge of a tkaue 
block and had, rt aecira, partly eac a ped frtan thk before bang fixed and kiUed. 
The body wan wai mimng (Fig IT)- U had not been floated off during mount 
mg, for in the coili within the boat a tlaeuei, theac tkauta were m direct contact 
with the xronna rucera nothing fnierrcned ao the body wall bad been 
diaaolred presunably by the boat a tkauea and durlog tbe boat • life. Bat 
the aolntiofl went bey on d thk, for m paired parta of tbe genital tnbe ooe branch 
was mlaaing. The coacboioa rewefaed haa been that hke the body ertB one 
uterine branch wu undniy frtfffe (or the othtt unduly reantant to aome 
dittohing agent, and remained la the Uaaue tHl this wa* fixed). Such soiotlcm 
without ceJlolar reaetioos suggesu a poanbOiiy to be tiroed at and hoped for 
in treatmenC 

Another change ns also aeeo ooce. Hie body-eamy fluid of an already 
dead worm in Pen. (Ftg IF' ti dearly tmder rtiaed tentian, for the body-xvaD 
ta baQooced oat and thinned, and the intestioe la pressed n and ici wall folded. 
Thu change ts 1 ke that noted by Mac Ajrmu* (1933) as one that foilows tbe 
death of Cyittcmacr etPuhtm la man in that infection aabaitaneoua cyata 
— as tune pusca — become endent to eye and hand and the raised teiwon 
further thowa tself by the way in whicfa a drad krva is ibot out on cutting 
into the ejat. 

Thk change m the already dead worm, m Fig. 18 a made more con 
apicuout by ctmtrait with the atate of the killed worm* on either aide of ft. 
Their body walla art wnnklcd and tiw men are only partly filled wHb young 
The cootracluig uteroi bad, so to apeak, sucked »o the body wall and utenne 
refiJlmg from the orarre* had not hid time again to doterid h befere the wxmn 
waa killed by the firatire 

Tlw b# nh e*rt«Tv •< Ow ttasxt aaMw** •«rty nl 

th« tbwfc-vsOed parm» o<ib« tnrKbn bok an U« aaty 
d«wtctiUxil btwa tb» mntk sod tfuck wmflrd mttxrm w<m 
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in the blood, are tbe condtdoot to be expected were expulcTe pxrtontiona 
tltrwtt due, or bid they bejun mtb penitiJhc emptying of the cone. 

(E) TH* IMrmu tTTt»C». 

The men of ill killed fenule wormi hiTC to Rod. i Mctkm been emptied 
of »□ iboee otrUtrrtchcd form* thit are aeen Jn the nearly full headward lector* 
m MnL Tha wa* reported tho* by O Cccfwoa and HlXtt (1932) “ In the 

uterine tube* of each of these worms the cocdhion of development is Idcnucal 
The oterirte tubes contain ora. No dUfenstjation of the ora into embryo 
u obserred m any of the healthy apeo m eos ” But not only arc the intri 
uttiinc young immature, they are few and ibts U further endenct for cxpulcrc 
emptying parturition. 

Sly fifty auction* show the cone twice, the ttctn aeven tunes, and the thick 
bnnch» thirty three tlmci. The cone b e mp ty the stem b either contracted 
and empty (Fig 22) or is relaxed with about tw e n t y four egg* in it* trantrerae 
acetkin (^ 23), Partunnen b penataldc. 

(ta) THE. KEnmMo irrmca 

\ anout ctage* are aecn in sections from Pen. Cog L.Q and Krs. In 
Pen. (Fig 24) trufrerte sectioQ* of the atem show 0 to 24 embryos, and these 
are in the cw i roluted, fiat^coiled or uncoiling rtagea, none being outstmebed. 
The few and spaced young Ik in a homo ge neous mxicmJ family hsematoryEn 
Btained. The wfaok looks like * faoaeycxnob with one young tana m each ceD. 
In Cog (Fig. 2S) the stem b fiQed imh intcrnriwd comng iarrse, haring no 
ptrtrcultr alignment and so defying cotmting. but filting the canty la Krs. 
(O Covfoa and Kkott 1933) furtho- out*tr«ching and, so it 1* bdd, 
negst i re Utera] UugruoUxy (Lotir IfOSa) h»rc formed larral iheam that 
cross the stem in iMerent duccuoni (Fig 26). Ootnplcte outstretching most 
bring sD parsUel-cumng Isrrae in a stem (becauae it is namnrer thsn their 
length) Into a single sheaf that be* m general paraUei to tho stem t axb — and 
intra-uterme deveioproent, win bare gone full ctrelc to the state seen in Fig. 22. 

(fr) THT pram rrATD St/ltMAailZD 

There t* a stage m which the uterine stem* and the headward parts of the 
utenne branches are fiQed with outstretched embryea lymg on the whole 
parallc] to the utenne ans. Iftemie pcristalsts set* m tod these embryonic 
form* are expefled, their place bemg taken by young that had lain further 
tsil-wtrd *"'4 that from eggs had developed auccea*trefy into com-oluted, flit 
coiled «t>H nneothng and finally into outstretefaed embryo* the last interlacing 
at first singly then m sheares and at last all bentg arranged as one theaf ahgned 
in the utenne sxa and fiEiog with outstretched young the hesdward parts of 

L. iU« Ot^owhoa lod IfiLis (IW2J. 
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the uterus , and the cycle of pregnancy and parturition is completed These 
conditions are not those of more or less continuous parturition , they are those 
of expulsive emptying parturitions followed by uterine refiUmg from the 
ovaries 


2 Evidence from the Young Free in the Host 

(l) THERE ARE FREE PREMICROFILARIAL YOUNG 

The finding of pre-microfilanal young free in the host is old , new know- 
ledge gives it new implications Over 60 years ago Manson (1883) reported 
finding such young free m the host, for m his Case XXV he pricked vesicles 
m a lymph scrotum, and in the escaping fluid found both “ [micro-] filanae 
and abundant active embrjos struggling vigorously to stretch their chorionic 
membranes ” In his Case XXIV he aspirated varicose lymph nodes and again 
recovered microfilariae and embryos still within the egg-membrane Bahr 
(1912, page 67) confirmed the latter finding by aspirating six lymph nodes 
and by recovering microfilariae from all and premicrofilana forms from two 

Were the aspirated young free individuals or were they still intra-utenne ? 
Those Manson got from vesicles were clearly free, for Manson could not 
have overlooked a female worm lying in a transparent vesicle , so were those 
got by node puncture — unless one accepts the remarkable odds that Manson 
once and Manson-Bahr Uvice out of six times had the luck to run the point 
of the needle into the uterine stem or branches of a worm and, presumably, 
to hold it there while aspirating 

As has been noted, Manson inferred that a worm may live in man for 
32 years and that dunng that penod it would, and did, at times miscarry , he 
held that the birth of prcmicrofilanal young was an abnormalitj' , for his view 
he offered no control , indeed, it appears that the conditions of his practice 
in China precluded this O’Connor’s wealth of senallj sectioned material 
enabled him to institute a control, part of whose results, in the slides I have 
had the benefit of examining, arc seen in the table (page 732) The material 
brings out these points 

(1) If Ijmph node matcnal has contained any free voung, it has always 
contained prcmicrofilanal young The material is considerable, and 
this association in\ ariablc , the inference that the condition is one 
of normal labour seems inescapable 

(2) In different material the percentage of slides that contained a 
particular dex clopmcntal stage has greatlj xaried So a statement 
lint a certain prcmicrofilanal stage is absent from any maternl that 
contains aoung mntes sccpiiasm, unless the number of sections 
adcquatclx colored has been considerable 

(3) Prcmicrofilanal forms bom in the host do not ncccssanli die at birth 
(a point not included in the table), all the matcnal showed both killed 
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tod tlretdy dead yoong Id tfl tbeir ” Prtmmire ” yoong do 

not die tt birth, tnd trhQe they lire their dnrlopnKtct prestmablj 
goct on. Thu cozKhaioo flodt coo&mttkn in tye op h nodet frocn 
Dou. remom! troond noon during a hernia opcratloo. The materia] 
of boat and paraaite eqaally lacks def ini tion It had cridently reached 
O CorrTTO* fmperfeeUy fixed. lie examined aercril hundred tectiona 
and commented to me by letter on the feneaa of premicrofilarta] 
forma and the degeneracy of mkmfilanae. In my o^m aghty-dgbt 
aectiona I hart found onlr four of the former (flat-ooQed embrjiia 
three, degenerate egg one) In marked coatrast to the nombera (table 
page 732) In aBdea from Rk:. and Cog from arhom a]ao materia] waa 
got about noon aikl the cofuCtlcio u thu irhich Trooid be found 
had the unfixed young contoiued to develop and the unfixed 
macrophagea cootmued to damage them at all tb^ (tagea. 

The evidence, then, la that many young are boro rrhlk atifl coiled vmhm 
the egg membrane, that after then both they may rupture this and prcaomably 
eacape from it As Mcesav pohued oat, the actfre movmenta and tmill croat- 
aectlon of Unng atorofiUrue are Ukely to hdp than to get through channela 
narrowe r than thoae which be]d them back vHIe they irere atlD ^ed But 
if embryoa born in the fict<oi]ed attge hatch later they w{D b tbeae ctmcfatlofti 
reach t^ blood tardily If they reach h at all 

New eridence b offered below that the nae of the mkrefikria] blood tide 
u due to l yn ch ronigtUoo of tboae emptying partaonoona abore described. In 
that caae t^ lo^tb of ibe treat of the charted tide wHl ibpesd on at least three 
thuigs 

(T) IIm rana cskco bj fanalt w o om s to cj pty lieir wranl atm. 

7 ^ differtaa rtiuw br T s knU aiit* alsr tfa tg fafaifa to tcada tbe 

bknd, eran tboaffebom iteulttiKOQslT aU P*tt» rf tha bodr, foe they hare 
l^lW«l■^ n t tefth* of (b* Irtoph net to ua ’tww lod 6^fmax mnwn <4 Oelayisa 

O) The ■coa Httm oeeikd by young bom withb Um rfx lotiabito e to )m«t 
tfak tfd to bacCTiw infa -oSiri— b^oea ibay otf ret paW dMaananrO*. 

Ttwse are marten of earying weight that need sdimg when co r re le tliig the 
boor of synchramred partunlKn with that of the rue of the nucrofilarlal blood 
tide. 


(ii) Tues ran toitso mavi a DifTWcnri nriKa 

(a) ]m c^iUtTm 

Material got at n ecropsy from X, and sent to O Cos>i'o*, consisted of s 
tesbclc and 6 of attached apermatic cord. At neitiwr end of iHs length 

of cord srere there mlcrcfilarae xn tlw lymphatic capilJancs, they were limited 

Fcr Ibn naaoo a fiodi M pbe* to tha obla 
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to the middle sector (O’Connor, 1931), but here the weight of infection is in 
parts very hcavj' , for example, nine in a single high-power field A micro- 
filarial distribution confined to lymph capillaries in a limited stretch of the cord, 
and most numerous in the central parts of that stretch, would result from a short 
expulsive parturition by their mother As noted (Section I) these by-passing 
lymph capillanes are so narrow and they enfold microfilanae so closely as to 
have been taken for their sheaths That same narrowness would have prevented 
eggs and coded embryos from even gaming entrance into these bypasses , they 
must have remained in the wider vessels with their brisker current , and this 
had evidently already earned them beyond the removed stretch of cord into 
the abdominal lymphatics or further 


(b) In lymph nodes 

In nodes the siting of microfilariae and premicrofilanal young may be 
as patchy as that first noted, their distribution being such as would be found 
did expulsive emptying partuntions force the young into the lymph stream 
over a limited time only 

In Mul (Fig 27) a group of microfilana lies in a dilated sinus , another 
section from this node shows m a single field some microfilariae, at least ten 
flat-coiled embrj'os, bodies that are judged to be empty egg membranes (Fig 7), 
and thirteen or perhaps fourteen degenerate eggs , yet another section has in 
one field one flat-coiled embryo and six eggs, with microfilanae and flat-coiled 
embryos close by , a fourth section has m it fifty-nine flat-coiled embryos, ten 
being seen in one immersion field (Fig 28) , while eight eggs he m one such 
field of another section, vvath microfilanae and flat-coiled embrj'osjust outside it 

From Hoi a section of a preaortic node at diaphragm level shoivs one micro- 
filaria and a cluster of seven flat-coded embrj'os, five of them in one immersion 
field, four showang two coils and the fifth three One section from a thoraac 
preaortic node shows not less than twenty-one flat-coiled embryos, at least 
twelve of them disintegrating in a lymph sinus 

From Cog a nght inguinal node is cut tangentiallv , in about 2 sq mm 
of node tissue m four consecutive serial sections, each about lOn thick, there 
arc, cspcciallv in the cortical sinus, twentj-nine microfilanae, six doubled-up 
embryos, SLXtecn flat-coded embryos and seventv -eight eggs 

In sections of nodes from Sal arc man\ microfilanae, and where they are 
particularh numerous thej he in aggregations as striking as those in Mul , 
premicrofilanal forms arc few and no aggregation of them has been made out 

In shdes from Ric both microfilanae and premicrofilanal forms are few, 
and no aggregations hav c been detected 

Comment \\hcn the voung arc found in numbers m bj passing Ijmph 
capillaries or m Ivmph nodes their siting is that which would be caused bv 
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apoWre anptytej p*mtritKm», uk) •onse tt Imt of h doe< oot teem otlKnrwe 
eipllcabte, 

(lu) THE Lmt TO wOTca PAHTURmox mFTm nit trrarot, 

A main factor in detenninlfic from microaccplc »ecvtott» the lertl to which 
ptituritem emptia the uterut 1» ibe ohserrttKm that at any lercl of tt aH U* 
fenik young forma tn a killed worm are at much the fame dcr el o pi ae nt a] (tige 
(page 740). In Rod. the emptied uteriAo atema contain no young more tdrtneed 
than the egg ttage and then are not many of thcae the last pa r t mui on bad 
emptied the oterme ttem and Ha branchea at least to the lerd at which the 
fun organ cootama egg* whose cotrtenta hart not yet dcreloped to the rer mi 
ferm ctage. A control of the cooduuon that emptying to tha levd h not 
exceptional u ftomshed by the derelop aiem ai ttagea that were found free m 
other bocta. 

It u the c*ae that a lone egg (imdcteioped, dcgenmie and presumably 
uofertiliced) win aocoetiaiea be found in a fu0 alcin, alj of wfaoae other contents 
are ouutmdied emhryoa. But at juit noted, there are, in four cocaecothr 
semi aectKKtt from Cog, acTenty-eaght free cggi. ThU Urge nuinber bean no 
relatioaahtp to the few that hare beA teen in aectxiria of a foQ stem, nor has a 
full ttoB eontajoed the flat<otled or doubtednip dohryoa that art often found 
free. The irtenn, m panurmon, must hare empbed itaelf to that level which 
in a full oteraa u packed with aegmeniiog ^ga. Mereorer all these free eggs 
appear deg enaat e, aeeniiagly at that early ttage they do not surme birth (a 
human terns premanrrrty la at the abortion stage. 

1 lert again, ts a ccanmonpUce u nature — a speewa surrma by a proiificity 
which n gresto: than a hahttoal deatruction of ha young 

(ir) THE EEnunr paaremmoxs amm rrtKHtccQitD 
Eridence has been grroo in all O'Co'Ccoa a material from areas where 
periodicity holds, parturrtwn has been by expulsire e mpty in g I have the 
imprcaaioo, baaed on an admittedly faudeqaate examinatto of material from 
a non-penodic area, that the same holds there if ao, ocpulsiTe emptying holds 
for afl ncea of II htrun/h It wQ) cause a mkroftUnal blood tide to rise b 
one of two conditioQS 

0) t\o boat CO periodic araw amts tnet* ibwi me tcrcda Stnwbi worm, and t*T 
utennt ct^aty loost ba great cnoogti to 6ood tbt blood a* it it flooded 

(2) If eMh bort herboert raeta tban caw Mcfi a Pe rn , all cd u w to labour ai m 
about tba aarae hm 

Regarding tbe number of mother worms, it is over 60 years since Mm* 
(1831) wrote They may be many while O Cosxoi s semi sectiooing has 
estabhsbed that parasitism by more than one worm is habitual and that in 
Rtt. examination of aernHy aecdoned mgronaJ and subingumaj nodes, rf one 
side only rcrealed eighty in a pertodic mfectioa So theory most coodude 
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that the nse of the microfilaria] blood tide can be due to worm parturitions only 
if these are synchronized to take place at about the same hour Evidence 
that they are is now offered 

Smce worms may die at any stage of pregnancy or labour, and since the 
extent of development of the young varies with their positions in the uterme 
tract, an attempt to settle whether there is or is not synchronization of parturi- 
tions can be taken senously only if there are compared not merely killed worms 
but the same part of the gemtal tract in the various killed worms m a host 
The significant part is the utenne stem, for it is there that will be found the 
young that have at any moment reached their highest intra-uterme development 
and, by its smgleness and its structure, it can be identified on examination 
of a single transverse worm section But the essence of this line of reasoning 
lies in comparing with one another the utenne stems of the various killed fernale 
worms m one host whose microfilariae show periodicity Examination of an 
unbroken senes of sections can establish this , but equally certainly the same 
conclusion is reached if the materials from the same host have come from regions 
further from one another than the length of the stem While the worm is about 
18 cm long, her stem’s length is only 2 cm That distance limits certainty, 
though probability makes it even shorter in view of the characteristically coiled 
attitudes of the worms The matenal to which these considerations have to be 
applied IS as follows 


From Mul are sections of inguinal nodes from both groins The condition of the 
utenne stems of worms from both sides of the body is the same They are fairly full 
of outstretched embryos not packed to close “ pa^elism,” though in the thick -walled 
branches (filled earlier from the ovaries and emptied later through the tnilva), they are 
These ore different killed worms and their utenne states are the same 

From Kra the matenal was a lymph node mass raeasunng 6 X 3 m (about 15 by 7 cm ) 
tvhich was senally sectioned m nineteen blocks, my sections from Blocks 5, 14 and 15 
contained killed worms O’Connor and Hulse (1935) showed such a mass of 
tissue and the numbenng of the blocks mto which it was cut On these hnes, five and 
fifteen were probably spaced and the worms, as the sections show', are as coiled as usual 
In the stem sections the larvae he in interlacing strands and their attitudes are the same 
in every block 

From Pen the matenal, a testicle, shows three adjacent varicose lymphatic loculi 
each containing worm sections In the two outer loculi all sections are of killed worms' 
m the mtcrlying one all are of already dead -worms (Fig 18) Smce there is no mter-! 
minglmg of killed and of already dead worms m any loculus, it is unhkelj that there was 
a track between the outer ones , if there had not been, the sections in these separated 
loculi were of different worms The contents of the stems of all killed worms is the same 
in nil sections, namely, flat-coiled to uncoiling young The inference that the worm 
sections in these two loculi are those of different w orms is strengthened by matenal that 
came from a single node of Mul , in it two adjacent vancose Ivmphatic loculi contain 
worms , in one all the sections of these are of killed -worms , in the other thev am nf 
intermingled killed and already dead worms The contents of the stems of killed wmrmo 
in both loculi arc at the same deiclopmcnt stage and, as in the matenal from Pen 
inference is that the sections of killed worms m these two loculi were those of diffc'rcnt 

From the same groin of Dou there were remoi'ed (at intemils coi-ermir 1 hnnri »i, 
Ivmph n^es, each of them containing killed worms In all the stem sections 
three nodes the larvae have largely taken a position parallel to the stem’s axis * 
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BA'tdtnrru'f mjuu ii 


Fnwi Rod. dirw sodM fo n e nW (ntn out frofa, tw«s kflW uma* 

io tba tand dcae-coaed cnteid*. Tb« mtrioo ntTBS b both DOdM wctv b p«rtttiltk 
«ad «* •mptr oc actrty •copty th« coaiano d>*y bwl ittn «n». 

Frm civ. ooly ana aoda wn remrcd. Tba ttcia or mtai rrrrt^ totrqt d y 
tuucalitktf ywtij* xUeb duri&f lib '■otdd arviaxstiy b*Tt focsMd t tpwi TnWiy tw—« 
The DsoibaT o€ wonna an oo t ba rtnnL 

Ftocd Rtl tbc oterina ttm of tba vora enulm uoa tiin famda of bme. TIvtt 
acam* to ba eoa wtitm only Id tha taatkk. 

Fim SaL tesikSa abowa woojta that- {nas ibair aKxarvKa wa probably dybit 
when tha tmtarial waa fot. The Urnl atuioda ia turhtaant TTia lymph noda aacttaj 
oxttiin DO younf. 

Freas hlac tba noda aac ti otta abow im utrrina atom. 

Tht* u the erldcncc in order of dfcr eoalB g rig mfion cc for the point ondcr 
conuderaticn. The uteiioe atema of all killed irorma got from the aame boat 
at the tame time hare ahrxft thown the tame tttge of Uml derdopmcitC 
Sometimes they were certainly thooe of diffac nt ironnt tometljne* thit hat 
merely been probable. There b mdependeiw coctrol of thb. MEjtOf (1935) 
fomui at an opention on the curuc* ^buglnca thtee female worm* til it the 
tame tUf^ of pregocney Rat (1038) had a like csperleoce. 

3, Do THBo: Sneuromm) Etfrrrcro PAmTwncwi CUpie T7oi 
Rut or Tttz MiatoniAUAL Blood Tmz 1 

Thete syachronued utenne emptyl&gt furalth i reaaortible espitnatioe 
of the me of the nuera£larial Uood tide In future cnotrob of thb eeodcatoa 
three pointt thoold bm tpecuj aneuioa (i) The tMea *m prcMOt when 
material waa got (n) the oaual tUo pritk a ebough to cMbliih periodieny 
(m) the worms psrnnitkitu take pbee at aa hour reasonably relat^ to that at 
which (be microGlanal blood tide naea 

(1) TKI TIDAL WTTTKM ftMIlTtD V r ilT T THE UATTOAL WA* OQT 

So regular u tbit rhythm that matiffinest notice hat been taken of ht 
pocaibic failure, ket orcr 60 years MA.'oa't (1881) showed that srrth 
ferer h might fail, tad BAira (1912) that in a non-penodic area nucrohlanac 
ditappeired from the blood with mHanunation whether accompanied or not 
by ferer Surpnsingty h ttID needs InsJCcaxe that, when trying to correlttc 
worms tynchroolaed partontianf with a mjcrofilanal blood tide, there most 
be reasonable tatkftttkm that the tide per*i*led when raatcml coottmlng ttill 
linng aduh female wormi wat goC 

(8) fics-rwa: ilood nuAiLT nrmm rtaiocicmr 

Blood got by ikm^pnck ts oo quantnalrre measure of the microhlxntl 
content of freely circulating tf oo<L TTiit WA*jmnjTcr< k om and Ducixocr 
(1917) ibowed, wben they com par e d blood got by tkin-prick with that from the 

lUpwdMsd M Owpwr t of U> /Uww •«««« Amw (IttS). 
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basilic vein ; they found penodicity to be more marked m the skin blood, 
and concluded that larvae -were detamed in skm vessels 

That they were in fact so held back was demonstrated by Augustine, Field and 
Drinker (1936) , they injected Mf immttts into vems of a bat and saw, m the blood 
circulating m the transparent wing membrane, microfilariae often so numerous in these 
capiUanes as to occlude them , yet the young shortly regamed the active circulation, 
bracing themselves against opposite walls of the vessel in which they were, and so passing 
either onwards into the veins, or back into the artenoles against the current untd they 
were earned to unblocked capdlanes During the height of a microfilanal blood tide the 
microfilanal content of blood m skin capiUanes (and presumably in those all over the 
body, including the lungs) will then be gpeater than in the larger vessels where it flows 
freely 

It follows that skm-pnek blood magnifies, and so detects ivith dehcacy, 
any penodicity that may be present 


(ill) THE HOUR OF NORMAL SYNCHRONIZED PARTURITIONS BY FEMALE 

WORMS 

Evidence above set out leads to the conclusion that m penodic bancroftian 
filanasis worm partuntions are of an expulsive emptying character and are 
synchronized These conditions could result in the familiar nse of the micro- 
filanal blood tide A control will he in a time relationship between worm 
parturitions and the tide’s rise 

The tide usually nses rather abruptly about midnight, but Charts III 
and V of O’Connor and Hulse (1935) show that the timmg and shapes of 
these charted tides may vary markedly in members of the same family, and 
their Chart IV that like differences may hold for the same person on nights 
2 months apart It seems then that the getting of material to determine the 
hour of synchronized partuntions should follow at as short an interval as 
possible on the makmg of a blood-tide chart 


(a) The rate of lymph flow 

If it be the synchromzed births into the lymph stream that cause the nse 
of the microfilanal blood tide, they clearly take place at an hour which enables 
that stream to deliver them into the blood in such numbers as will cause the 
tide to nse about midmght To predict that hour and so control the matter 
needs a knowledge of the rate of lymph flow My earlier conclusions which 
disregarded this link in the chain of evidence have misled. 

Thus O’Connor and Hulse (1932) discovered empty utenne stems in 
Rod (Fig 22) from whom lymph nodes had been removed at about 14 00 
hours In assessmg that report, I assumed (Lane, 1933b) that normal periodi- 
city had been maintained till operation, which assumption implied a lag of 
some 12 hours between synchronized microfilanal births and the peak of the 
microfilanal blood tide This conclusion is no longer tenable 

Thus Drinker and Field (1933) reported that trypan blue, injected into 
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the centn] end of in opened fympbttic tinnk fa t dog • kg, wt* present fa 
the tbortoc doct 30 «eond» Itter tfid they pouted out that fa 1865 TVani 
WTKirT ahowtd that *odIum talM^Ute did the time jouniey fa 80 tecondt. 
The tugjeited 12 b«rr hy fa Rod. tmpliei that a chemical lubattnce wilj do 
in half a mmutt a }«n«y -wfach it take* i aiotihlana about half an astro- 
nomical day to accomplah — hardly acceptable 

Accordingly the findorg of empty uten about noon aoggefta abnormal 
worm partuiidoa m tha ltd that thh mcchaniun may fad baa already been 
noted (page 746) and, as la Mated Mow other material got about noon ibosra 
no irgn of re ce nt parturition. 


(i) Tin frttnt mU fixa^ oj tuw t* iftrrwau tku Aovr 

Tiaaue for tfaa pufpoae may be got at operation or necropay Operatioo 
alkwa of Ita being got and fixed at any aeketed boor and, accepting the con- 
duuon that a nomul aucroCIarta] Mood tide means normal partuntlao, h 
wQI, if eileuwrely enough employed, ditdoae the hour of partuntiona. 
Necropsy put through bourt after d^h of the boat, wrth the ot 5 cct of deter 
mfamg the «arma uterme condbttoa at the hour when he died, will do ao only 
if the paruitea repro d uajre maxhannm comta tn an atjsditill with 

the boat ■ death. Now the Hfe of irwcArrma must depend raaentklly on the 
boat a lymph flow and body tempenture. After death his lymph flow coo 
tiauea, aometuDea abondantly (page 726) and, fa the tropica, hn bedy te mp era- 
tore wili not caetmonly fafl tb^tly m or eorer if periodicity a due to 
apichronkcd titenoe emp tying by all healthy wanna once m 24 hoora, aU the 
atagea of preg nan cy and parturition are comprcaaed mto that period and each 
stage kata but a abort tune tccordingly the usual debjrd occropey will not 
oettaaxrily show the wmna utenoe aUtc at the hour of the boat a death but 
muDcdate necropsy will do ao with practially the tame certainty as does 
exemon during life. 

But these procedures will display the uterme sutta. normal to a paruculir 
hour only if two conditioos alreacfy noted hare been fulfilled. (I) Pamitea 
mtot bare bred normal Irres up to the hour when the material that contained 
them was got, and of tha the only present clfakal index ta a persistent blood 
tide. (2) The roatenil most at once hare been properly fixed. 

(r) Thi kmr of partmnbom *s tnitetird by O Ctrrto* a diia, 

(i) A/atmal goi •s oporatten ciewt iseoa. 

O'CO’OvCai bad found in lymph nodes remored between 13 45 and 
14 23 hours menne stems ehber empty or co ntu ni ti g eggs only As ■ 
control of my mistaken conduakn (page 747) th« he had dacorcred the hour 
of normal aynebrontnd partnnuooa, he obtained from Tanom sources nodes 
that had been exosed from seren other filarial patienta bets,een I! 00 and 
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14 45 hours and from one at 08 30 hours In five of them my material is 
unhelpful m determimng the hour of parturition, for my slides show the follow- 
ing conditions — 

Matenal from Mac. has a kiUed worm but the stem is not cut m my shdes nor are 
free young present , m that from Gar and Tor there are no lolled female worms , 
in that from Jam. is a normally stainmg worm yet her body wall had m ^appeared ^nng 
her host’s life, so it may not be assumed that her reproductive bfe had b^ maint^ed 
normally till his operation , m that from Dou the tissues of both host and pa^de have 
diffuse staining for the matenal was not fixed when it was supposed that it had been, so, 
as noted, it is without value in determining the hour of parturition smce intrauterine 
larval development may have gone on after excision Unexpected disappomtments on 
this scale are significant of the care and patience required in fiiture controls O’Connor 

held on , r. t. i. 

Material in my possession, already noted and obtained about noon from three other 

persons, does throw light on this matter 

Cog , while in good health, was operated on at 11 30 hours, for a right inguinal hernia 
and a right hydrocele, opportunity being then taken to excise large right mguinal nodes 
(O’Connor and Hulse, I&3, " First Case ”) In all the sections of uterine stems of killed 
worms, the manj interlacing larvae (Fig 25) form an mtncate pattern, such as would 
result were embryos, having hatched m utero, become outstretched. Free young were 
abundant 

Ric was m good health in spite of having 1,058 microfilanae m 20 cmm of night 
blood, and right epitrochlear and right grom nodes were excised at 11 15 hours , m none 
of my sections is the stem proper cut, the cone is cut transversely and its narrow lumen 
allows short lengths only of larvae to be seen in any section, but their attitudes seem to 
be between those of Cog and Kra Of the free young some, as m Cog , are m good and 
some m poor condition, whde some are degenerate and becommg dissolved 

Kra , a youth of 17, was operated on at 14 43 hours for a swellmg m the left grom 
of II years’ standmg, and a first attack of lymphangitis with a chill 5 days before his 
admission to hospital with a temperature of 102° F This dropped to normal for good 
next mommg , 3 days later there were microfilanae m the blood and m chylous fluid 
aspirated from the swelhng After 12 days of normal temperature spent m bed the enlarged 
nodes were remoied as a mass measurmg 13 by 5 cm My sections show uterme stems, 
the larvae m them bemg outstretched and arranged as mterlacmg strands (Fig 26) , they 
ha\e no free young m node tissue but there are a few microfilanae m a lymph vessel close 
to the mother worm 

O’Connor’s findings have this control At his suggestion I wrote to 
AIenon asking him at what hour the operation noted above (page 476) was 
done, and received a courteous reply, dated 27 6 35, putting it “ between 
11am and noon as the operations start early at the Rej^apura hospital ” 


(ii) T/ie findings tn matenal got at necropsy at vanous hours 

Of these findings, those from persons dymg about midnight are particularly 
helpful for the purpose in view ^ 

Mul , aged 92, fell into coma from cerebral haemorrhage on 16 1 37 and 
unconscious tiU her death at 02 40 houm on 25 1 37 KNOi^did the necronsv 25^^!. 
after her death at St Croix, in the Virgm Islands, and sent the matenal 
New York. The latter wrote to me " On 17th Janu^ J ° Connor m 

microfilanae m 20 cunm of blood atmght, and just before^th oflevenW-^i^L°^ 
quantity The matenal shows killed mother worms all of whose stems%ii« 1 1 
are at least fairly fiill of outstretched embryos, it also shows ^anv ™ri 
in a dilated sinus of a lymph node (Fig 27) many microfilanae free 
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6>L, taad fB wa* abot dead aboot mMnitbt. o acf opay took plaea at aa aa*c«te% 
hour nnrt cUr Twa »ith c«>td and h y dt w U iflUci; Mod aixubil Irmph ludn «p 
•cm to 0‘Car<No«, »bo knad fou kilkd iamle worm* oo. orrial MctntiRt' H* Mr 
texxirtd h*t» at tpitm. Dm and Udnrr Sly on tlak* *bow tfau the Wm b ll. 
iitrrioe ttnn hB> nzrtiubnt airucumt ebeta u« many (m mkio<Q»ri»i b 
DOdea. 

HoL <bed at 01 15 boon >nth Scan cyamaw, oftfatyaoa. oadan* c< kfi 

■od fata and fluai at tfaa body caWlba. htatjpay waa dooe 7 fwun Utar No kllW 
n«m» ate pteaen* m my nmaty-fant aroka a . 

L.Q (— A 283) dird b Potto IUod at 00 40 boun, barmr bcaa b boap^til wht 
e aid jen aa eubt dbnae for S dm. Hactopar wu doM at 11 00 beam dat day 1 
dbdoaed doubb bydracrlct, and haraa ptamoaidy for tbb r t aa op that botb teetkka mi 

cord ant Kst to O'Cosomt, cbe noaoanot imt)anb( bouia c/(bep or am bbod ants 

baxxn made dtamt kb. I ceanfdna aatbJ n ttj orM of tbe otirain O'Ccrr^MHi bum] 
taeh arormt, m beb| kfl bd frmatira. My ncdcoa thov that both tndj of dM atcir 
ctnttifia ta rttt ft tcb ad ambryoa (ynw b tfuml* or mmlj tji aai h n om another ai in 
Kta. (Fm. *0) 

Mor at ^Mncaklafxht,aaa abot atmal tunea tliioucb dM cheat, tba boQata pbrea^ 
heart aorta, hton attd IW o ecro pay araa done neat day at 11 30 boura. amkxM 
djapi^ on bZWd aroma. 

X ana fi o und dead b b dff e y bouae and t pccr opay dcoa t 17 00 hnrrr^ ckadi 
araajttdgtd to hart taken ptaoe be tara ^ 05 OOhoLgac^ U OOboutv My aacdon cteitab 
no klOed aroQoa. 

Tb« tuoue finding* just tunxmamcii ve such a» would occur did aTA 
chroctsxed cnip tytcvg petunuoa* expet itao the tynipb tuoa • fwtnxi of filmal 
jwmg ct «a bfnjT whbHi (after tbe fear numoes ti mnat tbvt are needed to traverse 
tbe iTiDph tract) wodd throw tbcm iato tbe blood at that at wlueb its mlao* 
glxrul tlife normilij rbet. These findings shcra bech ibe (QSeulue* that hare 
beset attempti to settle tks doubt, and tiv «ay in arUeh comrols may meet 
them berctfter 


4 Tkt SvNcioia'tucto SraruLa 


\vb«tgi-w the mechanma that underlies tbe microfiJanaJ penodiaty of 
this mfectKKi, some cdinalus must bring tbe brw into tbe tkm bkx>d at night. 
If by tbe eridence set out here syochromzed partuniiona cause the use of the 
tide etrmului induccs labour after paasiDg through or onginatiog m the 
hoet s body Some 60 yean ago Ma-WX { 18^ page 57} defined what tbe 
stimulus a not. “ As Dr Mobtuie* Giornm- pourts out {Lmwett 1882, 
1 314), It IS not tuaply sleeping or arakiBg that has thainfloencc. Ingres* 

(of mretofiitrtae into the bloodl commeiKcs hours before tbe usual time of 
sleeping and egfes* begins hours before the usual time of waking, and periodjnty 
tt mamtamed even tboc^b no sleep is indulged n foe 2 or 3 day*, or f sleep 
fs commooas, or neiriy so, for as long a tune 


\\ sra I g iair m r of tbe rtanuhn, bol so 13*8 Mamon wrote ft 
words oo microAkrU penodjeity This ■ *»nk« ml mo« *o*r«r« !»«, and 

ta whb h ooa miabt be tempted to tpecukse oc tb* c»j» of the p«nodiert> 

of iwJmil Serm. 6l.urar< Burn cod Ais?ocx, 1037 p*^ St ) T«r Latto 

tUteo-rrTtd that peotoaaa canted tbes* fcren m! thortiy afterward Italiwi warken 

uotabiyGouU abew ed that tmUricIpertodwityw at do* weyoebtoeuwooo^deTTlDpt^i 

■od^mbat may i»t un&hiy be csOrd actual pammoon by psrauiM 8 tro (tWF») 
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found, in cananes kept m lighted cages, that the peak of this segmentation settled down 
to that hour at which they were daily blmded by wearing a cap for the same 12 of the 24 
hours, and that the same penodiaty held whether the birds were allowed to feed throughout 
the uncapped penod or only at its beginning Again, alternation of high and low tempera- 
tures disturbed penodicity, yet if either eirtreme were contmuous there was no disturbance 

Experiments on avian malana have not disclosed such a stimulus as would cause 
penodiaty in bancroftian filariasis , nor do these expenments bear directly on tertian and 
quartan malanas In all these penodiaties there are two factors one bnngs the young 
to matunty* in 24, 48 and 72 hours in the case of malana and in 24 hours m penodic 
bancroftian filanasis , the other, that here considered, synchronizes their intramatemal 
development and the mother’s partuntion 

The synchronizing stimulus remains unknown, nor is it known whether it acts through 
the male, bringing about coitus and impregnation at a certam hour, or through the female, 
for example by exating partuntion at a certam hour and thus leaving the uterus empty 
to allow another impregnation and the development of another brood of young Pre- 
sumably, one may reason from these malarial penodiaties , if so the stimulus comes into 
bemg once in 24 hours but produces a response in parasites only when they are ready 
for It In the penodic bancroftian infection all are ready for it every night , m its non- 
penodic form and m Acanthochedonenta Persians, the response is imperfect or is wanting , 
in Loa infection the stimulus (if the same, as it presumably is) either gams acceptance 
at some other stage of mtrauterme development, or the relative lengths of the parts of a 
1-day development cycle differ 

Harley (1932) suggested that the stimulus is the saliva of that mosquito which is 
the normal host of the larval tvoma. He based his suggestion on fact and on supposition 
The facts are that the larvae which have no microfilanal blood tide, which have one with 
a flood by day, or one with a flood by night, are earned respectively by msects that bite 
all round the astronomer's clock, that bite by day only and that bite by night only The 
supposition IS that if the nse of the rmcrofilani blood tide is produced by fiJanal par- 
tuntions, the mjected sahva (or perhaps some substance the host produces from it) causes 
this tide to nse Manson jiomted out the obvious tune assoaation between the flood of 
the microfilanal blood tide and the feedmg lime of certain mosquitoes , that the feeding 
causes the tuning of the tide is without proof, but if so it should be possible to convert 
a non-penodic into a penodic infection by causmg the host to be persistently bitten at 
night only by uninfected mosquitoes 

The synchronizing stimulus remains unknoivn 


C LARVICIDAL MECHANISMS INTERFERE WITH THE RISE OF THE 
TIDE MICROFILARIAE THOUGH BORN DO NOT REACH 

THE BLOOD 

1 Historical 

Evidence for such an impeding mechanism can now be traced back to the 
observation of Manson (1881) that he recovered microfilariae from the lymph 
vesicle while the man s blood showed none. He confirmed this observation 
later (1883, Cases XIV, XX and XXI) Bahr (1912) added a double control , 
from an enlarged lymph node he aspirated microfilanae, their sheaths and the 
worm s eggs , he watched an excised female worm passing young , in neither 
instance were microfilanae seen in the blood 

That this suppression is the work of ceUs of the macrophage system has been par- 
Ucularly shown by the work of Taliaferro and his colleagues In his address, as retirmg 
President of the Amencan Soaety of Parasitologists, Taliaferro (1934) gave examples, 


* In the sense in which a human foetus is mature or immature 
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•efci3edfnmtb*»eaiinol«liner\kl«».fbtttfa*drf«iM f tbe rwtcbrtt* ttWrwl fbr*^ 
b«U*» «nd ancift Tccrabb nl coEntJ pmatn b «»»enr«Ily th« »an>e, end trtroJm 
lU* y lUui «bo*« «Q« mtw derhred Rid)ryok>CMaOT fre<n tbe mnatcfapiie 

8akj> (1936) moriJi* oo fennuanty vH&sl N PfotTrmtff^ wnrh, wroitotb 
pemna of tbe intettina] (men th* m, brwRhc out tb« pcant that the rc^mcn 

coQi to iKj* portth* infeotho l«n m b *oa*<iii«wt KcnvlarT, nwtrthl™! that ccanc* Imo 
bdiMt oniy ■feer bar* efl wti Tt l y nnaoUlacd the Lutj* wd •Jth fanmoMity 

mar m prartlca bo bioacbt aboot aithor aetboly by irpeatrd kxfcctJtWM, or pud b by 
ki}*ot[tt| into wnlpfct tr d animal* uffioam faiwiuae acnan. 

F tthatiaac. tfart dtaciJjed m da^ tbadaiifayucui cvl mtayibelnu of 
fyntm ctQj from tbree scaircaa (1) fm (ha lynmtaicytE wttb tvt> boot of 
cm cnmpiwB* pciybitati and tnampKien tfao oU»t autrpolatir* the monocyte bctacto 
the tymphocyta aod the Am pobuMt fnan rrocular beaue rrUt ratiouily oametl 
biatiocyte* pa tha a km , pmeytea in the idnntjtla of Mood rmh. aeptal ctD f hiny 
theoU, ttiTxna ctQ* fax the intestinal «aQ, and bntn] csfia m tha thtxMes of apkan, bona 
marrow adrmal* and livar thoaa fat the User bane unt i e d Knpffer eefls only when thay 
Bra rkibly pha(oeytic (3) from AbrociCea or fibeoblaata which in tba btfd can chanfta 
mto micaUr cetb and maenphacet, though by moat oba e rreta they ara IwU (o be 
apadahxcd end ceOt. 

TaUArmo (1640) took ihe matter ftinfac n bb empfladon of accmnulaied obw 
rabona. At any when aafccoett or gan w ort ara detained thera occur local produc 
doQ of antOmdies and kical recrtntinent of caQa of tha iy *u - ii If enouffa witibodjaa ara 
petafatced, and if duty rraefa the blood, (hey can be detected a it, tetinK fnxn it they 
brfaif abovT tba cbaaBe a capJkry petmatbOrty that acccanpAdoa mAjarananca. and tha 
changaalloii f tbei di^aam bach facto the batuca of local anas of dcfaice. I oibar 
ararda, wbnher ratudo-eodotheljd cefb aacn a an ana harr coma mto being locally 
or hat ectcRd tbA area frean oxrofala, tb^ produce and noata andbndsa that oppoae 
psrtBtic vwsa, that eseer the blood and that mar leaet n A nra* other ipet 

aihare thetr actn n n ee d ed ‘Hia, of courae c«>. qQa tha d ea in ic ucr i of ALrltJ younf 
fa tha tyrapli (ran. 

2. lunscto Lutyiciou. Mcctuimw ih Action m Lnim Nona, 

f) niriKAL AIM TO TH* ACno.'i 
(«) Tki ttntctMTf oj • lymfit mod*, 

Peitment kuowledgc has been put thus by Dunxzk. Fitld and Uajio 
(ISM). After nofotg that hi afferent lympbatjc trunk bretki into a number 
of bratxbea which pierce oblKpiely th* capaulc of a tympb node ind open 
mto tbe marginal or corttcal tmut, they continue — 

Tim ct oot dtanoel but lan^ bowl-abapcd taka hr* aided upon tha outsida 
by the ca^aula of the noda and on tha askIo by tbe lymphocytic parenchyma. Tha laka 
jt tnneraed by Cbrotti trabeculae sM by bknd rcaaefs and, hia all tha unuaes, rs cf tiiii J 
md rc-croaacd by fin mesfa of rrtieuhJtn meat nnportm for tbe Al tcna fl fimerwa of 
tha Frcm tbe corbcal emu* irrrsu'u but mmerous ckh-like chartn cti, tha Ater 

ti>ediaTyiinuaet,Fi«» betwecxi tba inai aei <M Irmpboai tiaaua omard tba hdut of tbe gtmd, 
wlma they sivT with tba cortica] oma C fotu the eflir m t tympb caarL Aa 

mull of maaaroui tf V *c tA ca, rt i* our o pwpo o that tymph Acne* ti readily throonb tha 
faOcinAdauy m I <kica tb u j ug h tbe cortical amu*. Tbe cnnxa aiiangtiueiH, fnan 

tba poAi f law of toechaRics, w czceOe for filtrason Lymph flowaxc m thmfh 

Bundier oJf nanerw channeU, and imdei eery defimra bead of preamra finds tself 
fa bust apwee wfab an eooJnwui number »f wide and urtfular paths which lead » tha 
hilaa TcaaeL Tba Scrw is A s tan dy aloweil and the dmoig bead of prcaaura praetKally 
Isot cnly ara t^ tnuacs A m noda Fyrfcct mthfig tdianbc but tha rrocoha 
wl^ they cootam Ajrnwbei muhittide of hafllea wfajch aewn dow lymph how and inafca 

^ catj. (d tbe {dtagocytic oellj a tba ratictlxxn to perfonn their funetKUL 
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(b) Filtration and sedimentation tn a node 
In what immediately follows, “ filtration ” is used of the removal of 
suspended matter merely by size of pores, the sense m which Manson (1883) 
used It m viewing a node as keeping filanal young from reaching the blood 
He used the word “ egg ” for all stages before outstretching, he held that birth 
of eggs meant miscarriage, that a microfilaria being no wider than a blood 
corpuscle will pass through a node with no, or with trifling, injury, but that for 
an egg in a node’s “ solid parenchyma ” things are otherwise , “ for the 
imprisoned embryo has no power to aid its onward progress, but the egg lies 
like an embolus, passive, plugging the vessels and damming up the lymph 
And this process of embolism, stasis of lymph, diversion of current into anasto- 
moses, will go on until the whole of the lymphatic glands, directly or indirectly 
connected with the vessel into which the parent worm ejects her ova are rendered 
impervious, provided the supply of embolic ova is sufficient,. kept up long enough, 
or renewed from time to time ” 

But this view IS inconsistent with what is in O’Connor’s abundant matenal 
If any of it has contained microfilariae (that is, free mature larvae), it has also 
contained premicrofilarial stages The birth of these latter is constant, that is 
normal If it were the birth of these that caused progressive impediment to 
the lymph flow, then the parturitional life of the female worm is largely spent 
in givmg birth to young m such a way as progressively to extinguish the species 
Yet the species flourishes It is the host’s reaction to the young, in the vanous 
ways to be considered below, that impedes the passage of microfilanae to the 
blood to form food for mosquitoes 


(c) Stickiness of sinus walls 

Diluted Indian ink, when run into a lymphatic trunk in a dog’s hind leg, 
becomes deposited on the cell surfaces hmng and on the fibrils crossing the 
sinuses of nodes mto which the vessel drams, and finally blocks them The 
striking appearance caused by a light deposit that does not fill and block sinuses 
(Fig 29) suggests to me that, apart from and perhaps as an aid to phagocytosis, 
there is a stickiness^ of the surfaces of these structures which has been a factor 
in bringing the particles to a stop If so it may equally be a factor in detaining 
filarial young at a spot where the biological side of the mechanism ma) reach 
and destroy them 


{d) Packing of node sinuses with host's cells 

The reasons that have been given against the belief that embolisms of 
still-coiled embr)ms can effectively dam the lymph current through a node 


from that in blood capillaries where carbon suspended m the 
'n f‘'’">-«’dothehal cell] cement without adhering to the ei^o^d 
surfaces of the endothelial cells (Drinkek and li offfi 1041 . page 30 ) exposea 
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•re coofin&ed by tbe long •etrch of m •ectkm th»t nay be needed to find »nT 
Urrae d thu lUge, when it u tnown that they are there. It ia far othenrte 
with accre celU of the macrophaje ^item which ao pack amuaei la which 
banCTofuaa youn* lie (Fg 30) that the lymph cnmat mxm further be alowed 
and nfioofilariae held op just where their dcatraetora are mo*t oameroui. 
An occaiional giaxu cell may be foand among them (Fig 8). 

(IT) uAmroTATiora o? Tin mmt'a i-i*ticii>u. a erm t-r w 
unmi Nocn 

TTic ayatem a larrlodal actinty In nodca that are rectmng microfilariae 
it made tr^Iy mamfett. TTierc U firat tbe fcneral inference, for which Taua 
nxco haa bc^ qooted (page 752), that at any apot wbert there U naible reennt 
ment of tbe aystem a ceQi, there the aydem It locally accre there la ae co nd 
the obaemtloo }uit noted that there ia coD^icooua recruitmeiit of these ceUi la 
nodes which contain mlcn£lanae there it third the obsemllon mlcrO' 
filanae in these lymph nodes may show the naible changes of diaaolutloo (Fig 8.) 
Aa to tht* lait, O'C^xnot s nuueriaJ corni microfilam-conuhuag nodes from 
ex peraona. In that frotn ooe it reached O CowNOi fanperfectly fixed. f« both 
tbe hoat a Uasuei and the microfilanae were degenerxte, tod the changes seen 
m mlcrofilarise may act b« accepted as fasTutg taken place during tbe boat a 
life. In that frotn tbe other fire the boat a thaues abow tbe norma! ttaining in 
all but m all there are mkrofilarue is process of dmoJutioQ. 

3. LurnaDiL MfcttAxiru vt Acnew Lt asd Raxnw 
Ltuth Ctnixasm. 

In feneral, “ when a l ymp h resad cnlcn a gland Ua cedothefiom under 
goes an abrupt transitkn Crom a nmly pasaire mechanical function to pow era 
of conslderBble actlrhy " (IIadtixld and GainOD 1934). But in tho infection 
such a change in itrQCture, and infcrentially in funcnoci, may take place in 
lymph cspHIanes that contam mtcrofilanac. In such capQlanea (these drtiocd 
a bydroede m SaL) tbe endothelil cefla are no longer flat amh deeply stained 
flat nadea, but hare become rounded with round lightly stamfd nudei (Fig 31) 
while of the nucrafilanae whicb they oontajn, lomc hare been hlied by the 
fixatire, others were already dead when pot m it Moreover m the connecUie 
time round these lymph cspHlarKs there he degenerate rmcrofilariae aor 
rounded by lympboqrtes, pUima cdla, polyblaiti nogly or in groupa, and 
gUHt ccHi (Fig 3^ These nucrofilanae might hare left the capUlaries patairdy 
or actirdy 

Pasaire escape ts a reasonable resuH of the fused lymph pressure that often 
accompanies this infection — a feature that u considered m the next tecnoa 

Active escape of microfilinae from the lymph tract unpUea posttrve 
forward thigmotaiy (Line.) thu mstioct, usually latent, must yet readily be 
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excitable, for it is by its urge that the species survives When a microfilana 
has been swallowed by a mosquito, it is this that impels it to pierce its way 
through Its sheath which it has pressed against the wall of the insect’s midgut 
and through that wall into the surrounding tissues, the cast sheaths, as 
O’Connor’s shdes show, being later passed in its droppmgs I have not found 
this evidence of active escape m the shdes from Sal , as is to be expected, for 
the sheaths would be earned off by the lymph stream, possibly beyond the 
length of spermatic cord at O’Connor’s disposal and even into the abdominal 
lymphatica But premature and unnatural thigmotaxy does occur, as has been 
illustrated m Figs 1 and 2 Confirmation of this perversion of mstmet would 
be easier did there come into general use a stain selective for the “ chitmoid,” 
of which a cast sheath consists, for I may well have overlooked transverse sections 
of these inconspicuous objects 

4 The Stimulus that sets the Larvicidal Mechanism 

IN Action 

The activity of macrophage cells that comes about from the presence of 
bancroftian young must result from some stimulus , and smee this activity 
IS common to and probably mvanable in, these stages of helminthic infections 
which are cited in tissue fluid and lymph, aU have probably a like stimulus 
For the infective larva of Ntppostrongylus mum, Taliaferro and Sarles (1939) 
have concluded it to be twofold The primary stimulus is larval secretion and 
excretion, for m rats made moderately immune against this infection, preci- 
pitates he besidfe those openings of the worm’s body from which these products 
escape, and round the precipitates again are aggregations of macrophage cells , 
in hyperimmune rats the larvae themselves, the precipitates they produce, and 
the cellular collections they attract are all smaller than usual, and it may be 
assumed that the excretions that cause them are so too The secondary stimulus 
IS physical , with hyperimmumty, larval movements are slighter, do less 
physical damage and induce less cellular reaction 

5 The Length of the Latent Period which the Impeding 

Mechanism Enforces 

Bahr (1912, page 67) showed that the mechanism which prevents micro- 
filariae from reaching the blood is m action early m the infection , presumably 
It IS so from the beginning Accordingly, the latent penod has two parts The 
first is the time taken by a female infective larva to become adult and produce 
young, It is presumably fairly constant The second part is the interval 
betn een the time that the first female parasite reaches matunty and bears young 
and the first appearance of microfilariae in the blood, and will vary with the 
hazards that he between the mother worm and the systemic circulation. 

Microfilanae have been found in a child of 14 months (Anderson ei al , 
1924) As a measure of the latent period, this may err in either duection It 
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maj be too Jor(, lor an carDcr nanuoation of that cUld might hare ahown 
microfilariae it mar bo too abort for the child may hare become hifeeied 
before birth. F* IF ddaero^ti tha latter u an rafcretice a reaaottable 
inference from obaervatiooa on other helmintba of winch a aumnmy wt* made 
by FofTE* (1935), the Hat inchidmg DmfiJana tmmitu 

Fmiata] irifcetkieo br IT woold, ptrcjoiibb occur tJua Infectir* larr»» 

from nK>*qicrto vouU bore tfaelr way fano the Mood o/ prefnam woaJd be 

carrkd by tWi to the F^aeeotel «he where, etfll kerpkin their thfginotectie urye ti*y 
would fccct their way into the ftjetal tbeoee. «t there duriijr the chOcT fcrmeaxtertoe 
or free Irfe wcvld crow toto adtihi and produce youof I tbe tataot period 

wmU be y rc aiei than the chOd i cfe amoe birth. 


D TIIE LATE3t EFFECTS OF THESE LARMCfDAL htEOL^NTSMS 
There need eozmderxuoo the mechantama by which tbeac ill-cffccia are 
prodoced and crercom e . The cffecta anac from tmo interacting facton, excee- 
atre eanracdhilar lymph protein and fibrohUatic actintr the fihrcua formamo 
that they mdoce anrauJ the Irraph tract contmeta and inicTferej with the further 
free flow of lymph through u bowtrer ctuaed, the final efiecta are obitroctire 
HiAoIopcal evidence of rai»ed lymph prtatiue rearmblea naoal endeoctf 
for rated Uood pretaurc. \ eaada are dilated, and where they bare muaeuUr 
waUt these are patchily thinned or thKhened. The carhes evtdmce traeed for 
diiatation goes baek to Ma.'OOh i obserraiion (I8S3 Case WII) of akin resides 
tbai nhen ruptured or pneked, discharged mkrofibiiae. 

O Cotcio* I sections show these pertinent details. He rtcerred material 
rrmoTcd at operatMO from Hot, namdv resxde-betnng akin orcf an old 
tear (Fig 33) the rendet are lO fact a ocrwnTk of dDaled, but atiD endothdul 
lined, lymph capQlanes- In the apcnnxUc cord of Sal such a local capillary 
network may be begummg to form Fig 34 abows a doublc-op micriflana 
thrust Utenlly by back presaure into the mooth of a by pasting lymph cap Qary 
tbe Dcjrt semi seclKJQ appearing to ahow pair lying aide by aide at all cTcnia, 
there it a marked lymph raru here with trpica] changes in tbe muscular coats 
of the resada (Fig 35). In Rod. the female wonna bad rra a r d temporarily to 
bear young, so the destructor cells of the macrophage ayitem do longer fiU 
lymph node nmises, and it U the emptmess of these that makes it evident 
tb«t they are no longer crotted by baiSe fibres (Fig 36) which meat hare 
been stretched beyond the breakpomt. Should stretching of a reasel, partica 
Uriy of a capillary reach the bummg poou and should mtcrodlarke be thereby 
qected into the ticsaca, they noold cante tbe condition seen lo Fig 3^ so aooo 
as their emarascular presence bad locaDy rtemrted tbew destructors. 

Cluucally obtrusive reaulU of tlu ba^ preaaure, namely dcphanuasis and 
hydrocele, arc notable n ihii infection. 

FovTTm (IS1_ IflJJ) r»mti out th» tmw* •# e^mm whxh toWrod 

£d ita w»7 dill not drt kr> ^ ^'*”**’ 10 lo *0 f»t ctwC <J dyt Urrs* from 

rnotltfn rtoclud tawr wdra^jmio* p«p> »eii. «fWr «li*u bwth, ftrw o> lo^turwy wi An*. 
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1 Elephantiasis 

Tbs conspicuous accompaniment of filanasis is itself accompamed by and 
IS, presumably, due to an mcrease of extracellular protein in the lymph of the 
part concerned, and tbs, in turn, may be brought about either by lymphatic 
back-pressure or by disintegration of cells m the lymph Tbs statement has 
now to be justified 

The place of excess of intracellular protein m causing elephantiasis has cspeaally been 
made manifest in Drinker s laboratory in Boston Thus, blood capillarj endothelium 
IS “ permeable to protein in both directions, though under normal pressure and osmotic 
relations protein that has left the blood is returned by the lymphatic tract alone ” (Field 
and Drinker, 1931) " Our expenence points clearlv to the fact that the pnnciple func- 

Oon of the lymphatic svstem is to draw off extracellular protein Lacking this drainage 
cellular entironment becomes abnormal and fibrosis begins ” (Drinker, Field, Heim 
and Leigh, Jnr , 1934 ) Fmally, the last writers give these average percentages of this 
free protein m fluids of dog and man respectnely serum, 6 5 and 8 59 , no-mal lymph, 
1 43 and 0 49 to 0 69 , elephantiasis fluid, 4 15 and 3 03 Elephantiasis fluid has then 
the high protein content wbch justifies the conclusion that it is this change winch bnngs 
the condition into being 

That change maj be caused by lymphatic obstruction, for workers in Drinker’s 
laboraton produced it in dogs by effecting thrombosis in lymphaPcs and sclerosis of 
their walls Both were needed, for, after thrombosis alone, regeneration of lymphatics 
wath re-estabhshment of Ijmph flow is the rule , but as Drinker and Yoffey found, 
elephantiasis is more certainly established by repeated injections into bmphatics of 
crystalline silica suspended m a 2 5 per cent solution of quinine hydrochlonde Before 
an injection into a Ijmphatic, these lesscls were made obtious b> injecting between the 
toes of a dog a suitable dye and passmg it on into lymphatic trunks by gentle massage, 
after which a quartz canula could be got into almost any Ivmphanc \essel (Homans, 
Drintcer and Field, 1934) Repeated occluding injections cause, in order, a transient 
pitting oedema, a permanent oedema, a brawny swelling, and finally elephantiasis with 
sclerosis of lymph nodes and lymphatic trunks In established elephantiasis, skin and 
subcutaneous tissue show under the microscope marked fibrosis, oedema fluid between 
fibres, rare collections of lymphocwtes, and many dilated but endothelial-lined lymphatics 
—a lymphatic network remains (Drintcer and Yoffet, 1941) There is indirect evidence 
that the same change has been deliberately produced in man For example, an anno- 
tation in the Lancet (1919, 1, 422) notes a report by Professor Merrel, of Toulouse 
Soldiers, b\ obstructing for days the circulation through a hmb, produced lymphatic 
infiltmtion so great that it might not pit on pressure and might be permanent Repeated 
or sustained lymphatic obstruction, deliberately effected, produces elephantiasis In 
O Connor s material from bancroftian filanasis m man, the effects of the causes that 
produce it c\penraenta!ly (and others) are seen 

I OBSTRUCTIVE MECHANISMS THAT OVERLOAD LYMPH 
W ITH EATRACELLULAH PROTEIN 

The obstructne causes that m this infection oierload Ivmph with extracellular protein 
are at Last three-fold 


(a) Lymph thrombosis 

Undcrhing the experiments that have produced elephantiasis has been the observa- 
tion that ‘ITOph clots A lymph clot that fills a vessel w ill obstruct the lymph flow through 
It and vvill add to the protein content of the hmph in the tnbutanes that have been 
draining through it, md that blockage will be a step on the way to elephantiasis Such 
lymph clot is se^ m O Contvor’s sections, either recent and shnnking (Fig 37) or older 
and organising (Fig 3vS) t, \ t. 
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rtdurtt ckttxif all foe fmlMr in<iair 7 for Jjwph tbrwnlwti* las a protretftr 
ndo wet it forma a “ m cA a n fam of fintkn berm l iL a t ga iit aprcwl cf IwarHa 
tram an teftamed aad iofeexed ama tS^SV tad ioftraiamm U waO- 

knerwn aod mapJewit tompQeatfoo of baotio f t ia fl jU<riia», It hai not. I thnk, been 
eotMkterrd abrtbrr aooa Ufa etmut br mad* f lympfa Ifaranboalt to hfadof tba pM^n 
cf uikjoAlartaa botb iroo iTispb rMdaa (ao V aa mki i dacaa^tafakb tbe^ to dmt, 
and tia arttw aftar-^ffecta wh»eh dit dfTT i a | a pmhKxa) and tbair frfacii into tba 
blood (ao kwaios tbe dtancea of addicf ro nfoctm and nbafeotam indadki^ vlf 
rrfafeetfanX But th» nritea tbo matur «f I^mpb rmbolimi and (ba quoatfao whether 
the acoie brondaki* which BAn 0^^ (oond ki Ftjl w ba wwykttd with thuar ttacks 
may not [taelf hara been doe to tytsph emhotmm 


(>) fita cti ia ta ancmOtiiar 

Af noted (FIc- sen tba p fca tp o e of adaoAlBdaa in noda akoaea lewb to (tru 
aenffijutatm m theae paaaccf of micttlo~atdo<heIk} crOa. The fibroerta ia tlw fennaJly 
accepted end ceQ of thh aerlea and tt arldnitly tha *oom cf fiea flbfwaticn wen natna 
nod^ A futthcT aftp m ihh chwitc n denae flbicak: fcitwoik wUcb tana node into 
nodulea (Fit. 39) and wboaa c on u a ct ioo wlD fonhrr barrow fftaph dwonclt. Tba early 
ac rntni dainon of tbeaa cefl a, tbrir d aw l o ra n etit to the flbrocjte Ra^ and the maaifra 
bhroM thh canaea ara probably the tnoar cBmira and parahant cauaea of ly taj iha de 
tib aw c u on m tbk in C eedoa. 


( ) Rttetiom tt WWr nrmt 

From O’CoKHM'i maamal no aappon h fpren to the confldrotly inada a j ae r tion 
that Irrinc •dult watma osty efiecth )y bk>dt lymphatk. I tt they br alwcya kin 
ia looM odOi in ditaed teceor (F^ II) md «hb empk &itwcy betwem md tooM tbe 
eoQa. But rotsad tad whfaa de^ arena tbeta aha placa d a rnfM ttranc*^ if nptr 
fickOy leoalliDC choae <af the prienfy of deM Pbareab cranilai loflhnini, 

eu wnp pfl f md araccmlon. 

Oaenaj^ fl d Brritkn s by cafaum atia cod may at flrat aff^ the body araH crJy 
Rouui daad aroc ca may be arcs byalma depowt wHh ramuaiy dia poa cd ratkaio- 
endotheOal celta I Fif 40 thb depoart la mainly hm a otawooa bot with ahfbt coataa 
k arr mt perTberaSy or the layennc may ba tnota wtdaaprewl tmt bot nt c n t nrkta 
(Hf. 41) or It may fttabre od e^ aepataae wonn coll (Tk 42% I Fig. <3 dw coaraa 
oofon formanon hm thomed to fine o eto wh rotmd tract of the artmv 

^Vuh tbta emhroodiQS gora ar B car atM av. In ftf, 44 tha coam byahne ibroud bn 
penetrated tbe body araQ m Fig. 45 bna rattculO'CnoodwCal ccUa follow and in Fig. 48 
t and wratl edb paaa along witbin tbe calciflrd tuba ef tha worm body walL Fcg. 47 
abowa ireem aretko aorrotmdad by cooeantne laycra of Boe Omit as arboae naartucca 
are cio w ded w^Tt rcncnloAdotbabal cefla. Tba rald&rri body waQ of the mm baa 
bean brebm through, totne wntll and ien wsall ccOa of tbaa ataea are aeen emaf tog tba 
wo uu and otbeia bare ilraaitr taheo the placa of the arorm maceca. In Fig. 48 banda 
oif ffbaoui tiami aurrouad worm aecalaD the me of ta calohed body wall b locally 
cml b fltUtt wtlh &» areolar tmua of tlw boat ai wfudi { <jju « t. 4oj oua blood 
atplOtry eacfotbchal Ind and £Ikd wftfa red cefla Erwoeration a cemp t ^ 

(H) Moiioa a i m.vint catvs tkat oanLoAD LTvra anrs fxnuczixtax ramm 
Lymph on xek may ba ioc rm oJ ocfacfw a e due by hack preaaurc. Daixm and 
Yorrrr *4r«t nonml lymph contama kw red crib that tbay brra ixrat 

found r Mn fct nunJwri k lytspb obtamed by maataga bat actn moremeat aacr eaa at 
thnr Mnnbrra, tjTdcal aapaiineoti in dog gjring tfaeae rcBuha. In qubaccm hmb thara 
waa wMnrn wiy lymph fluw fa) utaaaagrJ bmb h Bowed but ntrer ctn ta me d taiga 


K<ma] tyri^ hw ta excew of aotixhnasfam. kBJa (hrocDbaplaana, and cakaan eanaad 
ipocK&Dg K> mat •< U<xd (Oxrtan ted Vomr IMl) 
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numbers of red cells, in an actively moving limb there was at first an occasion^ red cell, 
after walking for 11 minutes there were 2,200 of them per c mm , after 13 and 27 minutes 
of running the figures were 3,600 and 13,600 respectively In thoracic duct lymph red 
cells were also present in varying numbers, and though a search of some tome might be 
needed before the first was found, they were usually fairly plentiful If red cells are 
destroyed in lymph nodes, whether haemolymph or ordmary, extracellular lymph protein 
will thereby be increased , but their very presence m lymph seems to imply that blood 
plasma and its proteins must almost have reached it direct Yet another source of extra 
cellular lymph protein will be that destruction of microfilanae which was implicit in 
Manson’s observations of 1881, and is manifest in O’Connor’s shdes 


(ui) THE RESTORATION OF LYMPH FLOW 

Shrmkage of recent lymph clot reopens the old passage (Fig 37) Organizing clot 
that has filled a lymph vessel, perhaps by repetition of dotting, may show deavages or 
may separate from the vessel wall (Fig 38) The homogeneous hyalme matenal that both 
enshrouds and enters dead worms sphts concentrically and ends as a fine open meshwork 
round the place where a calcified worm lay Round the body of a dead worm giant cells 
may he m ranks, and one has been seen lying in a bay m the worm’s outhne, being evi- 
dently in process of dissoh ing its way in, a first step towards the worm’s disappearance 
and, presumably, towards a reopening of the lymph flow through that vessel on which 
It lay 


2 Hydrocele 

As has been noted, when there is hypertension and stasis, or even reversal of flow, 
m lymph vessels, there is escape of microfilanae from them mto the surrounding tissue 
Round these that dram the tumca vaginalis reticulo-endothehal cells collect and there 
results a swelling In Sal this extencfe to the mouths of these vessels, where they take 
ongin from the tunical cavity and show m section as a papilla , capping this true tissue 
papilla IS a false papilla composed of clotted lymph in which are entangled microfilanae 
mostly dead or dying and host cells in hke state The tumid tissue compress the 
lymphatic capillanes that run through it, and the clot that caps it will still further interfere 
with the drainage of the timical cavity To these early forces that may produce hydrocele 
will, as time goes on, be added the contracting fibrosis that the reticulo-endothehal cells 
will cause and which will further compress the dramage fines Whether, and if so by what 
means, adequate drainage is re-established the matenal has not suggested 

The presence of microfilanae m hydrocele fluid may have one of two causes Either 
lymphatic obstruction has gone on to reversal of the lymph current, or the mother worm 
has an abnormal habitat m the tunical cavity In the latter case the hydrocele fluid would 
prwumably show microfilanal penodicity , in the former such a presumption is unjusti- 
fiable The mere absence, in a particular person, of microfilanal penodicity in hydrocele 
m without significance in attempting to determme whether the micro- 

filanal blood tide is or is not due to penodic synchronized partuntions by mother worms 


3 Summarizing Comment 

Limb lymph, flowmg normally, has a low content of extracellular protein , 
when Its flow is obstructed this content rises and there sets m the fibrosis of 
elephantiasis Lymphatic obstruction may be due to lymph clot, to enshroud- 
ment of a dead adult worm, to narromng of the fairway of lymph node sinuses 
by aggregations of reticulo-endothehal cells attracted by the presence m them 
of bancroftian young, and later to the node fibrosis that these cells produce 
But the content m lymph of extracellular protein may nse from at least four 
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other c*Q»et beridc* bact-pretiure lo thi* m/ection lymph hw in it more red 
celh then is uiua] It h« *l»o m k micnj^Uante end cclli of the macrcpbige 
lyjtcm, Ktme or lU of whtch ere defenente end tn dtteojuoott, tod dietolution 
of wonn end ho*t cdle will pfeeamebly edd to trtxeceHular protein morcortr 
where red celh have paeeed from blood Into lymph ve*»eli, plewne end ks 
proteme cen hardly hare faded to do the eame. Nrith each type of lymphetjc 
obetnjciKra in the Iixnbe there n eeeo ui action e mte ban tem thet re><stablubct 
the lymph flow end »o bringi k eboot thet elephentieeh by lymph etoppage 
mmt be ee herd to effect Qaturelly by tha infectioo e» it u cxpenmeotelly by 
Intralymphatic ecleroemg ir^ectione. 

Hydrocele h eho the rcetik of lymphetic obitniction end the roedonkm 
be* been traced abore bat one for re~cetabLihment of lynqih flow he* not 
been detected In O Cojrtta t meterleL 

E. SECTlO\AL SUMMARY 

In tnmg mttenel to deteranrte tbc ceizae behind the rue of the nucro- 
filtria] blood tide, three eiientctle, tt n fck most be obaerred (1) there muR 
be knowledge tlurt penodicrty we* preaent when the roeicnal wee j« (3) 
condueiom must be bued on worm* that here icnjeOy betn killrd by lU flxmg 
(3) the utenne lerd edected for comperboo muet be the Mxne, end thi* cen be 
neured by uiln^ the utenne tteia The extminatkm* thet here been conwdered 
tboTe b*n corere d e Urge per ce otige of taj 800 ibdee cut frtm twenty nine 
penone, yet thdee froci only tesxa ef then fulfil the two test eiseetuls the 
flrrt m the ctee of ell of them i* an Inference bdd jtsufied in tbe mem. 

Tbe pnmery faaot in tbe n*e of tbe nucrofileiiel blood tide vt elmuhencooa, 
rxpuleire, eInpty^ng pertuntwoi. For their expulefrc end emptying charactei' 
the endence U twofold. Ftrct tbeir emptying Im in feet tekes place to tbe iercl 
et which tbe welH of the uterme brenebes here a medJom thidujcts end it that 
IctcI tbnr contents when they ire full ere eegmcniing egg* In control of thk 
is tbe obeemtron tbit m the host • lymph nodes iberc ere present dnstcre of 
knot-coiled end flat-coded embryos end of inicrofilfnee, while only in restneted 
lengths of ha bypassing lympb capillerTea ere there flleral voung ell these 
ere endcnces of short apuliiTC emptying partuntjons mto the lymph stream. 
Tbeae ere synchrtmiied, for In materiel got et the same hour from the tame host 
the utenne stems of sH killed female w uriu s contein Toung et tbe same stage 
of derdopment. \\nh sudiripld intra-utenne derdopenent (mcesured in hours 
end which we bare no ngfat to conetder is craimg it the nwmem et which, 
for legal purpose*, we cenesder tbe host e life to here ended) t u necessary 
iKi eienunationi made for tbe purpose of determining tbe hour of partuntiofw 
should osc meicnal got ertber st operatroa, or at necropsy done hnmedately 
eftei death, end in ekber case edcquttcly fixed et once. On these cotidiuoni 
end taking into coneideritKin the rate of lymph flow u appears that perturmons 
lake ptw-o about midnight KwoTT mekisg eummeiiona shoot that hour 
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A* Hapfield tnd Gaksod (I'tM) quote from Akho^t thM tTstem com 
pma the reticu(o-etMlo(heluU ceil* of the tplccn, lymph f>ode*, Irrer (KapCcr 
ccU*), muTcrw fuprtrenal cortex tod liyp ophy ti *. MicrofilaritI deatroetkn 
Id the IjnrphitiC put* of thn »y»teni I hatre docribed (Lawt 1937) la •lido 
•ent me by O Coxxdb dunng ha Ufetfane in the many alrdo he left me br 
tha u amply coofirmed. Before conaldenD^ the mechanamt tint effect 
the £tU of the imcro£Iaml blood tide, two pomta must be made or re made. 

Staffing bit laboratory at Cofum^ Un l r erai t y New York, OCotOtoia 
team of tkiHed nncroacopists made, exanuaed and, when dcairahfe, marked 
thooMnda of aerial aectiona. In any one of tbe*e a mkrofilaru will, from lu 
ahape, commonly be cut, more or lea trasarcraely but with aectKns aeen on thu 
acale a conaidenible put of a miaoSlaria wiO occationalty he in a tiagle aectloa 
50 ). Again, a dcatrucuon capable of cau^ng the famihar abaip 
iaH of the nucroffianal blood tide moat be ex t ei mve and rapid, and adequate 
acarch ahould make evideot not merely thia dcsmicuon but a penodidty m it 
the degree of Urral degeneratMa Ttiying with the hour 

My appotite aectiocu come from lymph nodca, lirer apkm and adrmala. 


2. EncEtttz Fwm Sfcno\i. 

(0 LTwnt moc aacncM. 

A I j a ^ ood A pi ' umu ably net rU of fikriil w h etbrr th «7 reac^ >t hj 
Ueod or lynph. Their pare fa tWwmu a of lar>M that n>^ farm by bfaod ■ 
ondeteenfaiado-bat h exporaneottCr <lewnBaoabl» 


(B itn* aacTTOXi. 

From SaL I hare ooe tfida onlr and bar* aren do mtcrcfdtrtm b R frocQ MuL, 
Mala, tod Hot I ha*a reapreuroty /our twenty-an leren and n aectjcau from aO 
pewona there am ui aa eat both kfOed end alreadr dead forma For matanee, ataonc the 
more iiwilj eocnpWf and k> more ttrifana eaau ariaa of brrao fa O'Coicaoa a maimal 
am thoac h*t mmnwwd. ona freaa Hot. (F*. «■>, tn ’p.breb TweitAlaria, normal or 
onrfynonna] IkarrhoOy or ahno« whoOy faoneaactXB the other from MaJa. (Fw SO) 
Bahicfaauch mlaodlarla w defeoerate I Fit 01 particf normal and of dtcaxitte 
mlcrodlaria Qe fa ooa field. 

Thji fnaiTw a otbarwira {Ouatratol m an analyuof the rwte of all aucrofOanae* foraid 
m r'rrrr^tnf iiiMii ^ t AB IcBa and KpMn-apertUTrd CT^^tocc tzmde uawVctod 

•actfcB frean Hci- It corwrad 225 aq. cnan, wid waa fadjiad to bo lOa ih»tk tn It wot* 
d c tf cti j 162 t epama Ducrofilana] knftha thirty « them (IB 5 jbt cenc) »eT* clawed 
H fa food coriditJCB, for they had ebae adumn of deeply a taa^ nodei and wi erw 
body marfB j the otbeta abtmed diger em defroea of probable oe certain deffUCTaocB 
up to fa wiuefa the tsaclei nera fboata, a hJa the body w» eirbet ihiunken adh 
wrfaUed outEna p eea c p u My the reaol of loaa of larr*] aohotaneo or waa bloated with itt 
aerffaa wrfakk* e i iu w d out remltinf the atara of cfaa dead adult wotm aem b Fit. li 
Snlrikv and iM7 ba aean at diffemu coda f the mxat Um mi it amna 

that depth of ituclear atafatnc may pfcc a d a or may foOow nuHtar acaner 
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four mminit lon* of it made during the nert 21 hour* recorcred none. TIwujli 
thu man had aerved m the tropict, be had nrrer had anjr ngna of thl* infection, 
DOT before tbeir infection could mlcrofilanac be dt ac orered in hk meht blood. 

Kxott (1935) injected hitrarenouilj' mto eight inbabiunt* of St Cron, 
\ irgm laJanda, U 3,A-, numben of oucroHlaiiae TirTtng from OOO to orcr 
2,000000 The amalleat nomber w»* Injected mto one whoae blood »m 
negitn-e to nucrofUanae ” and v. bo had no cTnica] ngna of Infection blood 
filraa made 24 and 4S boun after the it^cctkm ahenred 0 and 2 mkrodjariae. 
The laigejt number wii introduced mio a man who bad enlarged InjulnaJ 
lymph nodea chronic fibnaak " of both tcatea and at the time of ir^cctlcm 
an average of 245 roiooShme per cmm. of blood in fire aamplea 
1 to GO minutea later the correapondmg artrage wai 258. In all eight 
the mjecriona of micraGlanae in tbeae numbera waa foOowed by their complete 
or almoat complete ditappeaiance. St_ Cmi b highly hlanal and at leajt 
one of thoae expenment^ open anu infected. 

Hawiu»o (1940) injected mto the blood ataaela of four peraonj atrated 
blood containing 300000 to 4 000000 mtcrohlame in two they proniptly 
diaappeared, in the two othen 90 per cent did ao while Humbert cofrcaponding 
to tbe rea»due pematexl, m one for about 10 daya and in the other for mere than 
6, n being unposaible in the latter at least to a«y wbelbeT pcnodkhy did or did 
not exiat. 

Other* hare oted cucb expenmeoti at dtfproof of the lu gg eati oc that the 
ouctoGlintl blood tide >« due to birth and death of microSUnae. But tuch 
expenmeBU can nertber prore nor doprore thia miner Jadeed, their reamita 
are tbote that vouhd be Ruined btd tbe macropbage ayitcm been equal to lU 
greatly added burden n McKUTacm) • and KKorr'i and in two of IKwimm a 
catea but had it been blocked iJi IlAmtCfoa other twa Thu explanation 
fita the known facts it tan become proof only wben adequate obumtion 
replacei inference. 

Mtaaive hbroau of a lymph node goea with nucrodianal destruction m it, 
and It baa been a u ggeated abore (page 756) that some of that added extra* 
cellular Ijrmph p rat e m which mduce* fibrosu cornea from thu deatmction. But 
ctrrboau of the lircr and of other rucera m which imeroGliriae are dcatroyed. 
precomahly m numbera, u fw chxractenatic of iha infection. For thn apparent 
ancmaly tbe foOowinj oplanauon seema reaaonible. Oantm and ^ utff ! 
(1941) report these percentages of atiaceDalar protein m lymph and in 
obstructiTe oedema fluid m ibc leg of the dog m nontial leg lymph of doj 
thf! per ce nt age averaged 1 55 (1 *41 to 2436 Table 18) in fireexaminationa, oedema 
fluid from lymphatic obstroctwn of the leg a Tcra ged 3-6 (2 25 to 4 53 Table 
44) m brer lymph of dog h areriged 4 32. and of cat was the same as plaima 
(there bemg no lymphatics Intide a liver lobule) of lymph that leaiea the 
spleen, the compositkm a unknown, and no one has deacribed Irrnpb captDines 
within it or witlun bone nwrow 

TbaydoiMtDCpi mintala mt AS» 
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The normal lymph of these viscera has then an extracellular protein content 
much higher than the normal hmb lymph, yet in the viscera it produces no 
curhosis , and to this high normal content is being added m this mfection 
(so the evidence suggests), more protein by the dissolution of microfilariae 
But there is nothing to suggest that this further heightening of an already high 
normal content ought, if the facts are as stated, to be enough to produce cirrhosis, 
or that the absence of this pathological change throws any doubt on the visual 
evidence (Figs 50 to 55) that there is marked destruction of these larvae in 
the visceral parts of the macrophage system 

To the reasoning that periodicity is caused by daily birth and destruction 
of microfilariae, Africa, Garcu and Layco (1935) raised two objections when 
they discussed their own findings in a man whose microfilarial population they 
estimated as 4,585,000 They write, “ the theory seems unbiological smce it 
would be a piece of great folly on the part of nature to permit such wholesale 
death, when, clearly, these microfilariae need to stay longer m order to have 
more chance of getting into the mosquito host ” Yet few will deny that a 
biologist spoke with authonty m these words “ A distinctive feature of 
orgamc evolution, marking it off from social evolution or inorganic evolution, 
IS the relentless elimination Relatively few of those that are born are ever 
themselves able to produce As Tenftyson said, ‘ of fifty thousand seeds, 
she often bnngs but one to bear ’ ” (Thomson, 1925) An immense destruc- 
tion of microfilariae (an occasional one developing in mosquito and man) is 
the measure of the obstacles which the species has to surmount if it is to survive 
— and it has survived just because it has sacnficed its yoimg by the million 
This objection, that the theory is unbiological, is not valid The second 
objection by these wnters is that a daily destruction of these great numbers 
must cause protem shock Protein shock has not been a striking feature of the 
large smgle microfilarial injections cited above, and if a host’s body becomes 
adapted to deal daily ivith large numbers of filarial young, is protein shock 
to be expected ? 

There takes place in the visceral macrophage system a destruction of 
microfilanae great enough, I suggest, to cause the fall of this blood tide, and 
objections made to this explanation I judge unwarranted To what has been 
said earlier (Section I, page 723) to meet Manson’s difficulty m accepting 
microfilarial destruction as the cause of the tide’s fall, this may be added Sinfce he 
wrote we have gamed the conception of a macrophage system and the knowledge 
of the system s wide distnbution through the body , and to this O’Connor’s 
steadfast collection, preparation and exammation of material have added visual 
evidences of microfilarial destruction in the system’s visceral sites In regard 
to the doubt as to the purpose (so Manson expressed it) served by this enormous 


r u the word AuAonw signifies pmnanlj a statement or an opmioa for the truth 

of which someone is prepared to vouch , more particularly an expression of responsible and 
competent opinion ” (Raivlinson, 1929) ' 
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di3y mortiEty of microfiUnw, I ‘would today *Ule the nuHcf iho*. Here 
» otic more example of what h dow known to be an ereryday and »n-<lav octiTity 
of the maCTophago •yatem in nddiog a mammalian body of fordgn 
hKluding paraKtca. 

Lasdy H ii reasonable to recti! the expCDcacct of Mtim md of STtmiH 
MA£XZNm (Section I page 722) and to auggeat tha tww Elancnta m circo» 
Itting blood are repeate^y pawing throogh oegana and Utaue* that owtam 
macrophage ceUt if there are nucrofilaftae among tbcae danenta, and to 
long aa they continue to circulate, they are tunc and again bemg brooght into 
effectiTC n e a m eai to deatructor eeHa and the longer they drcuUte tlw more 
numerom wiD be theac cnnttcti and the greater the liielEwod that the burae 
win thereby tuffer damage. By the evidence >r»d cxaaidcrttioca offered, nucro- 
fihriae are bom at night and are normally deatxoyed at least before the next 
day ends Microglanae In blood drawn at mght wiO prcsmnably hare auff ered 
leaa damage than any atOl preaeot in h nert day and may reasonably be expected 
to aumre for longer io ct than do thoie in blood drawn off next day 


SECTION l\ 


A LARVICIDAL MECHANISM IN THE LUNGS 
O'Coxrotl Icag materia! has come from Mol and Hob 1 noted (!S37) 
that in my thdea fratn KoL I found only oorma] or ocarfy normal mkrofilanae. 
The laiger number of aeetlons th«t baa come to me by O Cerrtot a WHJ shows 
adranced deatroction of some rakrofilanae in boih penons (Figa. 55 and 50) 
while in MuL an already dead flat -coiled embryo baa been cut acnm (Fig 57^ 
Mkrofilariae foond in the lunga ui process of disaoimion may hare ondcr 
gone macrophage attack locaDy or they may hare been carried to the hinga 
after bdog damaged elsewhere in the boat the latter iltcmatrre implies In 
effect their escape either from those viaceia that effect the tide a fall, therr 
passage bong wboDy by the Wood stream or fnsoi the lymph nodes (that 
modify the tide s nso irod, piresumably take a hand in raodi/yifig ta fall) m 
which case their passage is by the lymph stream as far ss K takes them, and 
thereafter by the blood stream. 

But that tha deatmcOon may also take pilace loctHy u a coodouon juatrfied 
by hmg section# from MuL which show an aggregation of ccEs of the macro- 
phage system limited by a fibrous sheet (Fig 5S), and circulating mianfilanjc 
earned into aoch an ag gi cg at ioo would havx entered an area of pnteotul dcstruc 
two. The frequency m this Infection of these pulmonary aggrcgatiom may 
not be from this mitenal firstly these sections of mine ate clearly 

lekcted ones, secondly MuL had schiatosomiasts. Now Shaw and Gian* 
(I93S) repwrted m Egy^ pulmonary adustosemraaia, haematobial or manwokn 
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IA*«3MmAX riLAUUI 


oniom'* — (ivT had been <l«*d knc «ooaeb for dM hD«t metfoa to b« m for *ir«acrd 
1 q tbe cord tcctioRi ut cUlatrd IjTnpheTw: rard*, tad vithfo tbem art "i.Li ad 
wTsem* mlth the foOowki* bn* trf lom RC«ta denh. Th*T cfsantpied aid tWr 
itdoioff u dj ffrf a both a* to ttw tbauet of the aduh worn* «d tht CMtemf of tta modw 
worm penftil tobe*. I on* uin a m i e Mctfen Um wor m tv'u oauaim few M ^T- 
dsedy Maluiu* inknAkrior In ccotract, tba •omanda^ bon ttdn thtrofr ed 

oonndhr ahownc fou foo potaaitet had dM and bcfun to deftnmta dmkif the boat • 
life tbdr tack of enabcoudeoent poto tin< to laceo death, pnawmbly at tba of Id^ 
frrer — tba date from wfakh ndcrofilanae wen oo kwxn fotnd hi tba ^Wd, fi dA t i 
O'CoxmB nor I famd mfcrofilariaa hi tba rinoea 


In thii can mi o-o f d ar iaa dtaappaared fraen tba atoaladnc bfood, ao tfosa wa« rM 
tafo AQ of tba worm* fei the laaaartal airt aliaady vfaan It wu fixed 

icd ahwa it aai Bt and fixed 00 tntnrtfaa after dM man cbed the cooduakn fofVnn tbat 
they died wUb be Uied tba woim ebana ea ate mikad aid tba boat* tbaoa rwm«l 
Vim tba tba f tba mfcr o flfom J bfood bae due to a mfm partsivdaia, Md had aQ tba 
toan panxhea dkd m tb* n^t of hb aaeeta {Bxreo« tbw ctSrct would hare b ee n kut 
thb- 


2. Tom u No NATomAL Tide. 

Erwlence hu been ^cn Aborc that io the penodJc infeoioo, which prcrxila 
OTcr most of the cxnh • sorftce, the rtae of the mKroCLaritl blood tUe fo due to 
the £tct that worm pertudoota ere earpulnre and synchnmhtd, and It> fall 
to the destruction of the btme by the host a macn^hage tmttea. But there 
ts a gr ea t are* in the Sooth TaoBc east of longitude 17D* E> where there b not 
tlut penodiotj where retocriibriae mtf b« fotmd drculatug m the bknd 
In same nombm at all benre. la tbeoa^ this bde of pcnodidtx nught be doe 
cHher to lack of synchrenmoon of cmcrofilerial birth*, or to some onexplained 
and genera] bk<kage of tbe macr o p hage sydcm caunng delay in g e ttin g nd 
of the foung or to both. Endence ts insuffidmt to clear up this point, for tbe 
report* of tpeoal expethttoo* to tins arc* do cot state whether the uteri of the 
different klled trorms i«k<n from the seme host at the tame time were or were 
not at the tame stage of pregn an cy or pertuntton, aa they hare been hi all 
O Ctwvoa s material from periodic infections CoUectioo, sectiorung and 
study of non penodlc material on his scale will settle the point 

In the then an cfaess anaio)tw« betw t en b «t >p<Timg» n prrfodw aid non* 

jMftodic type* of faifottki. Bah* (1914, Appodi* 200 repor te d f tb* tno-perfodk 
fyp. n Xr i jTr^i- rfl—j n » a r i i l permjnmtlT fmn tfa* bfood of arren oct fnfoapatitfTti 
wto febok trrfl«iii i.at nr y attacks cxnw OO •* tbe result of orebitb wd lymphadenha i 
O'Cosowa ino r d ti l tbeir temp or si y dhappaswawe dairi&s ptofonEwl tmA of eniark 
faterwith tba ttm pai ' a t iuti mnctiig to 1W*F 

InfeOBMi with Dw^krie immita abed lnhi ben, Tbe sddti of ibi* paiwita hate 
•1 optitBam hdatat tbe inritie* of tba nch* th* dcf and tba HnereClarfao ca ru ktc 

111 toe bfood farto wUeb tbry hare been bom. Under fouadai u eatmmt WatCHT atd 


Woocru.'i fosnuai (Itil) hm report e d wwaba noo-panodie am ax th« Sudaa. 
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Underwood (1934) found that the young ceased to be found m the blood and that the 
mother worms were either stenhzed, or were killed and earned off as emboli into the lungs 
Khaw and Cheu (1936) found that this stenlization might be temporary, microfilanae 
again circulating after an interval, an e^encnce that Wright and Underwood, too, seem 
to have had When, then, the host’s macrophage cells have disposed of arculatmg micro- 
filanae, the death or stenhzaDon of mother worms will bnng it about that no more of their 
young get mto the circulatmg blood 

Now, death of W bancroftt is common, for in O’Connor’s matenal from twenty-four 
persons there were “ already dead ” worms in that from twenty-two, and worms that had 
been killed by the fixmg in that from twelve, so m the absence of reinfecbon the peak 
level of the microfilanal blood tide will drop as each mother worm dies , Bahr’s expenence 
of the permanent disappearance of Mf bancroftt from the blood after local inflammations 
would fall m with the Dtrofilarta experiment if local inflammation had killed all their 
mothers, and O’Connor’s expenence of their temporary disappearance is explicable as 
a temporary stenhzing of all mother worms by the temperature or toxins of entenc fever 


3 Sectional Summarizing Comment 

I suspect that on this matter of penodicity, thought and reasomng have 
been unduly led by historical sequence Manson’s ridiculed announcement 
that m this infection microfilariae make a mghtly appearance m the blood, 
and the later realization that after all he was nght, seem to be behind a tendency 
to explain the yet later discovered natural lack of periodicity as something that 
has evolved from periodicity But further consideration strengthens the proba- 
bility (Lane, 1929) that the simpler non-penodic state is the primitive one 
Thus the carrier m the Pacific non-pcriodic area, Aedes psendosctiiellans, is far 
more easily and heavily infected than is Ctdex fahgans the common vector m 
periodic areas WTien parasitism came mto being as a necessary stage in the 
growth of the lars al w'orm, it could hardly have done so except in an area where 
there lived an animal that was specially susceptible and hospitable to the larva, 
and that A psciidoscutellans is But man, w here this mosquito flourishes, was 
at one time massively migratory and these travellers wandered mto areas where 
C fatigans replaced A psetidoscjitellaris m commonness Now Bahr (1912) 
showed that C fatigans is far less susceptible to infection than is the Aedes 
Thus, when specimens of the Ctdex took blood meals estimated to contain 850 
lirvac, the percentage of these that reached the proboscis and became infective 
for man was 0 12 , when the Aides took meals estimated to contain 2,789 
microfilanae the percentage that reached the proboscis was 1 44 A pseitdo- 
scntcllans was twehe times as hospitable to the lanal IF bancroftt as was C 
fatigans 

The position taken, then, is that these migrant traa eliers carried this wmrm 
from places w here the indigenous larval host is easy to infect to others where 
the preialent insect host is onlj one-twelfth as susceptible That should, 
other things being equal, have made the parasite a minor menace to man in the 
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Chart VI Four hour chart of filaria with nocturnal penodicity ' 
The blood was that of an. Indian who had been m Fiji for 3 %ears 

From Bahti (1912) / hand Sch trap Med Suppl No 1 




IP* 

wm 
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new areas It has had no such effect Of this there seem two possible alternative 
explanations (a) The fecundity of the mother worms increased when they 
reached the Culex areas , but an increase m the number of young bom daily 
would imply a corresponding mcrease m the size of the reproductive organs, 
and no corresponding anatomical differences between the periodic and non- 
periodic forms or races have, I believe, been put on record (b) The mother 
worms so altered their partuntions that the chances of survival of the young 
in the less hospitable msect were greatly increased Periodicity would effect this 
were it of such a kind that the young of the vanous worms in a host were poured 
mto the blood simultaneously at the hour when it was the new insect host’s 
habit to feed , in other words, were there established a nocturnal blood tide 
by s 3 mchromzed worm partuntions , and for the presence of synchromzed 
parturitions evidence has been offered above 

In this line of reasonmg a step is nussing, the evidence that m the non- 
periodic, and It IS held, pnmitive race, worm partuntions are not synchromzed 
No one has thought to go into this matter Someone some day will perhaps do 
so, and will make it clear that his data have come from the uterine states of 
killed worms only 

The suggestion has been made that, although no anatomical differences 
have been established between the penodic and non-periodic types of this 
Wucherma, either in the adult or larval stages, nevertheless, by reason of their 
chnical or biological differences they should be classed as different species, 
the non-penodic becoming W paafica Manson-Bahr, 1941 On the evidence 
set out above, the nse of the microfilanal blood tide results from synchromzation 
of parturitions of the worms parasitizmg any host — from simultaneous timmg 
of certain bodily functions Cunous results that may logically follow from 
acceptance of this basis for the zoological classification of man have been set 
out (Lane, 1942) 

Further pomters are here considered based on vanations seen in the micro- 
filanal blood tides when infection is by Dnofilana immitis Thus Hinman 
(1935) set out for this infection “ a representative curve of microfilanal 
penodicity ” (Chart 111) Kubo (1938) found greatly I'arymg curves on charting 
average microfilanal numbers in the blood of the same dog at the same hours 
on consecutive months (Charts IV and V) Fmally, Bahr (1912, page 129) 
had set out Uvo graphs (reproduced here as Charts VI and VII), the former 
being held to show penodicity, the latter none, a classification that after all 
would designate Loa loa infection as non-penodic If zoological species were 
to be separated on biological lines, there would sometimes be needed different 
zoological names for the same parasite as month follows month 
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SECTlO\ \ I 


THE TID\L MECHAM3M3 \KD DIRECT DHONOSTS 

Direct dufTKau uan rmlerul from a ho«t in oixIct to make vrsible « pamne 
■t K)inc *U{fe of ita life htftcrry unnUj- in tla» infection the «ta^ a the miero- 
filana tnd the matenal the blood. The aim of diigooau hy blood cxamlmtioQ 
may be quafitatire or qaantitaUTe. 

1 QcAUTATTTE DUCXOiU. 

(i) BT BLOOD CUMLXtnOX rc* MTOtonLAJUtZ. 

A poaiuiie btood exarmnatKiQ eatablabci infection a nc^rre one doe* 
not certify itj abacnce ai ha* been known nnee Ma.ww (ISSIX cndently in 
an early infection, foond mtcrofilanae a lymph btrt rune in blood. 

K'mrrr err« exrctDca* to thnkoowVdie for by oksiv ddal mcehaa^nn into 
•cctamt end by oaind Urfc waoiaia of bfctd t “ tid* be wm rbA. to mik 

Mrly wl*I*ne(7 dbect (bj«no«i tifaamcr th« Soar \cnoua Mood was l«kcd wMi 
ten bax* la raiume of 2 per eae. fannalcn •otuaso kft to rand tar 1 to 24 bo^ cb« 
topemaent flual poured off md the MdancBt tp^aad o%er 6 to cn. and itamed. H 
fot tfa e* e jm ' i,ii ii twi recnoru n i&S Ud* t B Cmz. \1nrui Itbridi m 3U com. of 
blood at 09 00 boun 3) at 1 00 boun 54 In ) ex. of blood at 09 00 bown 57 i 
21 00 ban €2 ta 10 ex. of b too d t 21 00 boun 68. With infaetbes oif dtOWtst 
fBxnl urdfiia eba fifure* «oald earr an ddferaa ptaer* 

I ) VT vtCTSMw A.'m ac T Kr <Tvo o rtmt r«ou war acT t n ama or amn. 

( ) SUn h Mff 

A focal apot m eoe from « bkb tr mp fwngjoc attacks are prona to »art ( it nwy nmtin 
tOMiei between tbeae artxka OX>3'ewit. Gouic:* aid AmiExao** (1930) bn ibown 
by fa eadrioei that banenh t one nay rapeet to 6ad m tba tubevt an emo tbaue nattura 
ofkflledsBd f alieady dead wormv 

(I) SilM imiiMeJ ky mUrftJ lywtA* »da 

T^wae at* ferouna habtatt rapecuDy about tbe c y e nint i of affcTTrU Ir mo h na a d* 
nto imrnial aana. E ery ajdi node m 0*CoN*«oa a maJetfaJ from crtibinrieq aifecdoo 
•bows adim wtwma. 

( ) 5tr0 iaffeatrJ Ay V>ay ibidim. 

The** ifaadova ttinw n by dead wormi. calaficd re part of re wboAe may wtD kidiaita 
tbat [wre a* cn other shea, kdkd worm* wiD probably b* r m itd with tfaa d^ ooa*. 

When thea* thes are rcTDOted m the retereat of the hoet (t abouJd, by sryinftfaahaj 
ba to cet hiaea w d cridcoce of the bnlopcaJ mecbanania oncMyav pmodldty 

2 . QObWITTbTTfl OlkOSOSIV 

From blood count* of mtcrofilana tn catunxte Im been made of the 
I«d of mother worm* m that boat To be f any t alue auch an eatimatc murt 
ha e had aa ita btaia ■ blood count of nucrohJame m aome particular host and 
t count of the motbei worm* n that *an« ho*. Here are earn dlfhcuhie* 
met with in acquiring that knowlet^e. 
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(l) COUNTS OF MICROFTLAHIAE IN SYSTEMIC BLOOD 
Counting microfilariae in a given quantity of blood got as usual by skin-pnck does 
not establish this basis Bahr (1912. Appendix II) counted spreads, each of 16 c mm , 
of such blood from a man with non-penodic infection, made at the same hour of the same 
day In the instances where twelve such spreads were made at the same time, the numbers 
of microfilariae varied between 28 and 67, 42 and 120, 0 and 7, 28 and 69, 65 and 103 
Yorke and Blacklock (1917) showed that blood got as usual by skin-pnck does not 
measure the rmcrofilanal content of whole blood, for not onlv do capillaries magnify this 
figure but do so, they suggested, to a different extent at different hours of the 24 
Knott’s findings (1939) pointed also to this magnification by capillanes , thus at 09 00 
hours he collected from each of the same lads 0 02 c.inm of blood by finger-pnck and 
1 c c by vein puncture , m twenty of them there were microfilanae m the smaller quantity 
of blood so that the ts\o means of getting the sample were comparable Vein puncture 
gave an average number of 61 microfilariae per c mm of blood, while in finger-pnck blood 
the aierage was 135, a magnification of more than double 


(ll) COUNTS OF THE MOTHER WORMS 

In my matenal from O’Connor, worms lie in these habitats (a) ^-mph nodes in 
the popbteal space, in Hunter’s canal, in subinguinal, inguinal and ihac regions, along the 
aorta to diaphragm level, in bronchial nodes, (6) in subcutaneous tissue , (c) in viscera, 
namely lungs, adrenals and testicles Manson’s first report of the finding of an adult 
worm (1881, 1883) was from scrotal lymphatics More of such vnde collections will 
probably add to this list, and it maj confident!} be stated that never vet has the worm 
load of anv host been unquesttonably established 

(ill) OTHER ELEMENTS OF CONFUSION 

There are other hindrances to the making of a quantitative diagnosis It is unknown 
whether at her nightlv parturition each mother worm always empties her utenne tubes 
down to the same level, so that there cannot be made an estimate based on companson 
of the V olume of a larva outstretched or coiled and that of emptied sectors of the uterus 
It IS in any instance unknown what proportion of a brood is destroyed in lymph nodes 
and in lungs before microfilariae reach the systemic circulation It is unknown how quickly 
after reaching this the microfilanae in any host are destroyed m lymph nodes or viscera 
Again, accuraev of anv such estimation would depend on using the numbers of larvae in 
the blood at some selected point on the wave chart, the only point that could be fixed 
IS the short-lasting peak, and I recall no instance in w hich, wnth the aim of making a quanta- 
tivc diagnosis, examination has been made at the established peak hour and not at one 
tliat should be near it Estimation of the worm load cannot at present be made successfully 
bv blood examination ^ 

3 Sectional Sumaury 

The ordinary blood examination, if negative, does not exclude infection 
A negatn c result m an infected person may be made to giv e place to a positive 
one b\ attention to ennching methods of examination and to certain details 
that take into account the microfilanal blood tides Focal spots and the result of 
X-ra\ exposures may indicate sites of excisions hkelv to be useful m add 

to knowledge of the tidal mechanism, when the primary duty to a patient nlln^^ 
or demands this ^ aiiow's 

There is no hope m present knowledge of making a quantitative diacmne.c 
of estimating the worm load by making microfilanal blood counts Th* 
bases on which such an estimate’ must rest arc lacking ^ 
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ckmd up chyluria tot ccu*«d fwmfc »od autrfttt, ILiwKrai 
(i&W) £mn tte LlmpooJ Sctool, teattd cl«mi nibc^oce* Ddud>ii( focatin cfrcn fattn* 
rmouily btonmMcokrtr and onQy but non« k to t il talcraAltriil nund^crs kv tba 
bkndL Fram ttcac faig tf t Miu m and bom Baalofoc* wftb Dir^fiitrit /— Wr l^ro 

luidmca D l^nrito h»* u n ya ktwm biUui tfa* nffat h unt mitlca ot lb* iajt. Injettkn 
td fooadffl tuto tfa« dof" mna ha* icaubrd io tardbaaipn, ctuy or w r or MTreanmt, 
c4 tb« wiam, or in hi death end rta trampart aa an emheJin Into tba lonfa (\Vaiairr mo 
UXDO»OCO IfO-f). Sw iduaU on haa ab»jwn haelf dnnaa Pfe by te r npau r oe ^■■ i iirTw rt 
dta aro wapcr of mfcfofllariae from the boat bkiod, aral tt vm coctaoUed afin tba boat 
doth bx ifc^tiee o( Toao( from tba tocma of tBotbar «oana. Now tl» baopotvx 
dl^ppeaitaiw of iff bamr^u frtan tba blood m Guoru and Raoi cj p eii e ta a «aa by 
tafnoBct ocaetLaiaiw that m^ViQ CHIT and UxTTUuQcu’a^nrt by te Tnpm^T y«ti- nW. « «»w 
of motbcT' aronna. May not (U* drug^odund infruiMi ot OMtb of tnotber w oi bii ba 
efferred ki Kcfectkn by TT htxrtfu aa ii hM bean in that by i> immitit Ccawdcfatkai 
auefcTti that it imgfac be dooe by auiiuaaj to the route of adamhtration. 


(m) moon o Datti ADMOona.tno'e rax ltwh oacxn T 

Whan VTmwt cal Ut3m>aaD »}cctcd Couadat into tba tma of dof in 

tho amtiea of wboae ngiit heart tbere bred D imaota t they uard route wfakh directly 
and k) cffkknt cutceutiBikB and cpiandty earned iha dref to tha man- Tba trMloiioui 
pfocedute m batcrafnan nimom would be ha h^remn a'ca the lymphatic ur ff n 
t tpoe where thk would carry n to paradKa ao ipentd habitata. Tlw njcmaful oc 
tn tits way f fcwaditt, or of anen ochirr drog toxx to tba ipccwm, arill dcecod ob two 
Cacion (1) Knowbdse f oempard habitata. (3) The nary of tba dmr eMo lyisph 
▼taael that w81 cany (t to tfacae kubtata. ! has iMd tttaVinhrd habhaia «id na<Rd 
tqyta and aympeeca wbieh aafEwt that m aartTCutcr pem pctxoUr tlee* has barn 
oerupaed by worm Then arem t« waya <■ n aonr that the drag dirccOr mtm tba 
fyinpb of worm habitat the fim » ha k^etuoB km the pin when n worn n 
■uapectrd to lx, etch ai an erikrped Iniipb rx^. pert x a d ariy ceo that la nnerwa the 
aecccxl n to £nf ekl put rt into (mphattc ewan whoae mmit runa to the auape c te d 
hibion I do not tbfatk ihn tbe uae of chhar arethod hea bees w p or ted and fam no 
toggeatian ts toaka r<(v\has tbe firtt. 

On tba aecond poaable bne of aetnn hepaful iruidanee a g y r e o by the teUnapae 
voikrd out br Dwcma and ha coOracuca to mah theae reaeb wbU in the leg of ifaa 
dog A atdubie dye a mjeeted berwee W tbe ton and la, by Cande mtiaar e mada to pn 
oo pwo iycnphitx motta and ttwa t mahe rri^la tbo«e midar tba eyNderma, into ecu of 
which boQow needle a mttodueed and drag nm thrmoh it Tbe wi ttir vea that 
won ao nm mco tt n Docton wen uaed to ccae el rph a ntt aaa by obatractmx lha Aow 
throt^ It It aeema maendtk to hope that drag, pethapa fouaihe UuU. mar be fwed 
that wlD pns eat or ouf^BCi canaoi Icphanfae t by kjjng Of itenlumg tbe mother w ona 
iKji are tlx pranarr cstw of la appearance m b an aofBan filama. Ihtt ihn porHhdity 
of ettra-h lu p ha tk druegaig hai another ptoblem. ^Vheo ekphantiawi haa been prottoced 
in dcgi, the inyerticci of atntaWe dya i* feOowtd by hi dnftmg about m the oedematooi 
fiuld, wtwnce t docs pan on faito tyombtfir eiaeli. \ct dxaa rwb do panfit 
in tbe elephantnaf limb, ao rt neetB d e ta iBWmn g w factfaei after remonj of tha oadenu 
ftrtwl m by >.«ni4. f boot (Kmtt lUQS) or not wibcr faijam a and iiaiuy method, 
d) m kcticei may iwrt be mada to flow along tympfa eaia eU , dwptay them and tOow 
CTcn at um (ata c eu* tberr oae for atrrilixmg or deac^ng necbar worms ratted of, a 
Utberto, for nourisfaing cfaem. 


>Ion rreewth ai Aawnca, CtxaBmo and otbendmiad IWT)ba\ had rnaccr awnu 

B owHiBg Biretjoo. with LWawitiifn tmt m dm eottoa m, and bsaoaa xfcedoM with 
irmbrrtna *aarnf , owog orguwe amaonwli luch m omei l xw w i, ibouah aoeu eadd be 
enuri d er rd to ba mou. 

I TlxT wm dw flew co do so, aiwarijimg Kww and Cimi (iW*) 


779 


clavto^ 


o X-ray Treatment nicchan.sm of 

Jd,at.on may been cheebe^ , 

i,mpf> '\ in that all the b^ eiRbn ’aonns 'verc surface, 

Election of roun condi i ^ t.bn'I’^ ^ i.^e these ^\•o^ms ^ 


.tnintf lUst _ j 1 ^rchontsm ^ _ ,^a»atcd Kc used . ... hom 


With this snouna Dccu ^ seems, oi penociic ' 

wn et^nce that the ra^s maa 

amenorrboLn, iMMUMTy 

filnnal blood tide ^E”^j,sscned the host s o i^aucrofU ,, deliberate^ -mducc 

nosv o * this patn^»'''> 

^Ttennp tre-atment XUROMBOblS nncrofilanae 

5 IrEATMENT B^ 1 ®ran oeeatiRto 

6 Sectional SuNtMAU’i ^ umeonwng the 

Surpcal CNC..on of ''“Tca'’,OT ci""”" ■' "''' f*'cdlc,nThre'be® !>«- 
bvv . tor om ‘'Trltrtobon , tho drOE^ ta' = 

mtot rlroiiU fiO \Mtl. It ’ drim- '" *’ Oic most promwIiS 

,„,e(u. rc^ bodt 

do to the host ts vvonh con 

llx^\.s promising 


780 


■wctorruv rtLnun 


SECTION VXII 


CONCLUSIONS, 

The tectioni] •umm4rixfaif coouscsta may be rniimed op m tboe con- 
chtaioo* bxaed on detalkxl mmrrritioo oi tome SOO microecope alidea gi re n 
or beqaolhed to nw by the }sa Prot F O Ccerto*. In the periods type 
of Infcctkn the nightly riae in the nucmfilinA] blood tide u due prnnafOy to 
■ynchronized pcrtimuona by female wormt, which probably precede the n»e 
of the bde by a few miflirtet, Pronded they ire not orertated, thl» n*c U 
motHAcd Of ttutuHed by the actxre ceOa of the boet ■ macmphige lyitem 
rccnrfted In the lymph tract end hu^ Thi* reprcwiTe reaction, called into 
being by adnh, end eapechUly by larval, worma rmhi in an cxceas of lymph 
protein, which cxceaa aeti going in Innba, acrottun and mammae the ch^gea 
tba pTc rt*e to hedroede or dephatmaaa. The fall of the retcrofilarUl blood 
bde b doe to the deatruccion of the nightly brood in brer apleen aj>d adrenala, 
probably m lymph oodea and povlbly ebewhere the normally high (tod 
locally mnocuoua) protein content of vvKtra] lymph ie oot Ukdy thcre^ to be 
r gm fi c aatly and hannfuQy rioed. 

Is making a diagnoaaa microfihnal counts of aiun blood cis&ot eatusatc 
«nh naefol accuracy the worm load, but deteebon of mkrofilariae in thn can 
be made more certain by ennetung metboda, and by getting the blood at the 
oaual peak hour of the microfilaria] blood tide. 

The absence of bde la eapbcsble either by Uek of ayoclir oo iialwo of 
worm paitumiona, or by blockage of the bon a roacropbage ayatem. 

The acute iofUnunatlocu that are features of thia infecdon hare been 
traced to aupertdded bactcnal infection and are amenable to anb boctmal 
treatment TWa ihonld be given prophylacticaDy where anTgery it needed. 

Tbete a little hope of complete tmwocmmg by aurgmal exoaioni for the 
worm babhats in O Connor a matenal and expenenct compnae lymph nodes 
frocn Hunter a otjI to the rctrotboraoc region and bronchial and axillary codes, 
the cubcutxneooa tnaoe, the longa, the •drenab and the tctticiex and there 
may be yet other habitati But aurg ery will nght tocofiTenjcDce of will ranorc 
a focal spot. 

In ncm-aurgrcal tr ea tment the uae of the blood to convey a drug in 
adequate co ncc ntrxb on to worm habitats hat Dttlc jmnpect of aocaaa 
tint of the lymph stream to selected habrtata teema more prommng, 
prrmded a rpcofically tone drug it found \-rxya have atcrflired and 
killed worm* and abould be able to cot out tbe rise of the blood tide and, 
with tbit, the host a scif-dami^ing reaction* to newborn microfilirue, prorided 
they reach aD mother wortaa. Aa ahraya the rnk to the boat by treatment muat 
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•poroxoite inocubtion, the disease will mike lU ippemucc, soorter or later 
in spite o/ the drug- 

Researches on enm miJtm sufficed to cipliin these inomilks, so far 
ts snin malana was concerned, by danofistnUng the qtweivy *nd the mo i np 
of the tissue phase, and rt became so obvious that a s/mnir phase must c^st 
m the hmnan specaes that soch a cycle was even prematurely induded In some 
descnptlona of the life history of the malsnil parasnes of man. 

Early this year oor own expmments with PUsmtuluiM ey-»cmoigi — a malaria] 
parasite of onental menkeys — met with mccesa and brief descriptions of the 
pre-eiythrocytic cyde in the bver were {lien (Showit and Gulviiam IMSa, 
and Sitonr Oakxium sad Mhamo*. 1943). We had no doobt that the rety 
dosdy allied P rtttx of msa would exhibit iimiJsr forms, and shortly after 
wards we were ible to demonstrate these lo the liter of s humui Tdontcer 
(SnoiTT GajLeuAxi Ctmu. and Setrre, 1R4S), 

The present paper gircs a detailed accoent of the pre-eiythrocytic parasites 
of human and monkey infections. In the former case the description applies 
lo forms present on the 6th and 7th days of the incubation period while, in the 
latter staces seen oo coneecudre days from the 5th to the 10th days are 
described. 

MAT1JUA14 AHD blEmOW. 

Tbe mctenala oeceattry in ottr c aper Uueni s wen anophdiae aost^tstoea, 
AaopktUt matuSpeitm stnptrm mockeys, chiefly M*c*c4 waistit, bm 
CfTvofiiitfma teHoepa was also used a human Tdaatm and ttiaina of 
P eymmolp cod P rreex. 

Tbe strain of P cyorndp came onfinaBy from the Central Research 
Institute of India, Kasanli but was given us in 1945 by Dr F HAWKCto, of 
the Medical Research Couoci) wbo had obtained it from Dr F WoLno'f of 
tbe School of Public Health. Johns Hopkins MedtcaJ School, Bahiraore. Tbe 
strain of P rrrex was a Madagsacar strain in use for ther ap eutic porpoies 
at the Horton Hospital for Mer^ Dtacases, Epsom. 

The masqukoes were bred in our laboratory but the numbers were rein- 
forced from time to time, when oeceMiy from otbtt sources. 

The monkeys were obtained either through the Merfical Research CococD 
London, or by purehase. 

The CEoetal pco u i i igs foQcrwed io tbe ndmdaal eaperineow wa* first to aeloei 
■0 faiftc tnl thmnnx m mj t iu m i wiw t m-r t— tn the penphenJ blood. On dM 

vAnal s* msBT soo tJ ytBies as were rrailibla wei« fed and, •hanerer pcasbtt tfaa antt 
mo>t |ul toe» were rt W <*«• ot evwv wdea on tha sacs* or an«h*r mneSocTta-csTTyHW 
— .^.1 Tht* fermed tbe mfeetmx stock fat tba ezprrnoaat aad the moeiTUjUiee were 
themfm mamtaiTvd on tamns, oc cav eawHy substituted b; coba auor sod kept at 
f wy# retUTT tarw if w b ctae tj i 13 snd ^ C. snd reUtire humid ty of orrr 8 Jeer cent. 

Tber were uert fed oo the rt «ai honed to tnfect and sfter feedme, the whole 

r^ovraitocs were irnnnaJ n roortir m bepenzs^ mooker plawiu dd teJ with en cqusl 
tuhane of (Wnnal sebne eefutiott. The imtiuito napetuion «as then mo cul t Je d bitia- 
prtitoortDy or kttnmuscoUrir or m both ws>s, «to the iwnr enatciL 
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Dactimos or Pke umruo cm c rcwm. 

(a) Plasmodivm cyiwno]^ 

Ttc ouimt fonm •e«i ^^ere tboe ocmmng on the 5th dij of the 
b»tion period ind the rjcctedjng stage*, day by day up to the 10th day hive 
been found »nd examined. These t»3J be describe d in dcttQ beioir 

Fifth D^y Slat* (Hg IX — ^Thc parasite, which b found m the pafen- 
ch)mj cell*, b a ipherica] or omd body measuring about 10-5/» in the loogest 
diameter The cytoplasm ta granular and stain* a blue or roaure-blue. The 
chromatin t» in lrrtgulariy-ah^>ed masses staining a purple or magenta colour 
The disptmtjon of the chromatin m many pomona indicate* that the body 
f c p re a eat* an early stage in sche w Bony of the paracte, the frignTcnts of chro- 
matin numbering about fifty in an entire schmwt followed in serial sceborn 
The outline of the schixont u iTry clear-cut *>vl stands out m sharp contrast 
with the cytoplasm of the liecr cdl The nodeus of the Htrr ceil it eccentric 
owing to the presence of the parssitc but, sa s rule, ta not deformed it thb 
stage, srwl tbe ttairdog reaction of cytoplasm and nudeua is unaherah 

Sixth Dav Stagt (Ftg 2X — The forma found indicate that there is rtry 
rapid gronth at thb stage The scluzoot a oroid and measures I8;i In the 
loQgeat diameter Tbe cnoplasiB i* granular and sums a panel shade of blue:. 
The m«»rt of chromiim stain a magenta eoioui and art now much more 
numerous, numbering not less than 100 In sn entire schixont and scattered 
ftiri> ereoly tbroogbout ita substance. Tbe eadeu* of the boat ceO is displaced 
to one tide but may stiD be Imie changed in shape and there U so ddference 
in staining rractiott Tbe smooth contour of tbe paietJte at ad stages and 
whaterer its shape nould appear to indicate some kind of containing pdbde 
but tins, if present ts too fine to be apparent. In sectiom the parssitc may 
aorartitnc* be shrunken and there ts then a ciesr space between h and the 
cytoplasm of the contaiiaog cell This tpoce may completely tinrourtd tbe 
pamte or appear opposite part of the arctanfcrence only 

SfXfwth Dor Slat* (Fri. 3-0)— Tbe panuriie haa igun increased In tne 


PLATE 1 

SCinZONT OF PLAS^tODJU^^ Cl KOilOLOI DURLVO THE 
INCUBATION PERIOD 

Fio 1 — On Sth d«y 
F 0 i— OnSth ita7 

Fio. 3 — On 7tfa dar sbowmt entire fcon wittout sajofc*. 

Flfi, 4 — On diT (bowktg Iord with ktcnl acoole 

FlO. 3 —On 7th d>T ■ Lj s'H fuem wrth latml asdentuiai. 

Fio. 6 — On 7th dtj •howm* foctn with lohoM attni. 

8CHIZONT OF PL^SifODIUit I7JriA DURINT; THE 
PsCUBATION PERIOD (p<* 700 
Fhj. 7 — On7thd*T liowki* team with tw victnba. 

Fto. 8 — On 7th chiT tnor* ■ J isnced »ti** with tefcwe o/metoeatee. 




1 11 .“: 1 to G Schizont ot Plasmodium cMlomol^t 

I u s 7 -xnd S — Schizont of Plasmodium t ^ 
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while retaining its general ovoid shape except where this is altered as described 
below It now measures up to Sift in its longest diameter The outline varies 
considerably, and this is probably due to unequal pressure exerted on different 
parts of the periphery Thus, there are regular ovoid forms, forms where 
the regular curve of the contour is altered by neighbouring resistant structures 
such as fibrous tissue or larger vessels, and some forms with one or more lobose 
arms 

In the parasites one or more vacuoles, small or large, are frequently present 
When the vacuole occurs near the periphery it has the effect of producing an 
apparent indentation of the parasite The lobose form is possibly also produced 
to some extent in this way Whether these vacuoles are all true vacuoles, 
for some certainly appear to be so, or whether the structure may simulate 
vacuolation by the cutting of folds in the parasite, we are not sure Which- 
ever IS the true explanation, the structure is possibly connected with the 
respiration of the parasite or the production of a larger absorbing surface 

The c}rtopIasm of the schizonts is now coarsely granular and stains a pastel 
shade of blue Here and there are masses staimng a darker blue and looking 
like local condensations of the cytoplasm The chromatin fragments stain a 
magenta colour and are now very numerous and scattered fairly uniformly 
An estimation made of their number from a parasite examined in serial sec- 
tions gave the figure of 800 to 1,000 This nearly mature stage shows a close 
resemblance to an early stage in the development of Hepatocystes kochi in the 
liver of African monkeys and the latter might be a cause of confusion if they 
were used as expenmental animals 

The 7th-day stage was also studied in impression smears of liver Here 
the parasites are seen as irregularly ovate bodies sometimes entire, but more 
often ruptured due to trauma in making the smear, and in such cases the 
chromatin particles are found escaping but arc not yet m the form of fully 
mature merozoites 

Eighth Day Stage (Fig 9) — The majority of the schizonts show but 
little difference from those of the 7th-da^ in their morphology and size In 
some, commencing condensation of the cytoplasm around the chromatin masses, 
to form merozoites, is indicated but in sections this is masked to an extent 
uhich would be less c^adent in a smear preparation 


PLATC II 

SCHIZONT or PLASMODIUM CYNOMOLGI DURING THE 
INCUBATION PERIOD 


Fig 9 — On 8th da\, showing form wath lateral indentation 
Flc 10 — On 9th da^, showing entire form wathout %acuoles 
Fig 11 — On 10th da%, showang form ruptured and releasing merozoites 
Fig 12 — Invaision b\ phagociXcs of thcarca pretaoush occupicdb\ schizont 
of P cyiionolei on 10th da\ of the incubation penod , actnc 
phagocN-tosis of remaining merozoites in progress 
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NiMti Day Stagt (Fig 10). — ^Tbe tcliljOTiti »hcnr *0106 locretM ui me 
tDOuzoite formatKM) b wcH idrxnccd cod la many caaea complete. An arcr u e 
rij* for the Klmont U now 3o/i in the loogtst diameter but fomn op to -13^ 
may be ertcoaDtered. The ttairrinc racliooa of cytoplaam rod cfaromatio are 
aochaogcd. 

TatM Day Stage (Figa. 1 1 and 12). — ^The picture at tMi atage » completdy 
dunged. TTic formation of meroxoiiea in tbe adnioota b the rule eren where 
the latter are adll entire. Three atagei in achbogony are now to be aero and 
wQ] be dcacribed in the aequence in vhkh they occur 

In the fint place there U the mature cootamlng meroxaitea, but 

•tUl intact within ita ccotajoiog membrane. Thu ia rtmlbr to the formi acen 
on the 9th day 

Following on thn ctage la the newly ruptured tchlxont acen u t central 
mtaa of doaely packed but diacrcte meroxoitea with wnaOer group* and Indi 
Tidual merozoitea inhhrxbng the aurraunding tbauea. Thcee merosatea ew»h 
contMt of a imifl fragment of chromatin with an attached portion of Woe cyto- 
plaam. They kre aharply defined htUe bodies rarying In ahape and about 
1 13^ In db.Mer A new feature in tbe eyidogical picture now appenra. 

During the growth of tbe •chtoota, fraca tbe 5tb day eowirda, there u 
no retOiOQ to thdr pre ae a ce on the port of the lirer Aa they incratae In aue 
they expand the eontauung tirer cd and ccanpresa tu nudetu uatQ finally 
the a dm ont Gea in a apace, tbe wraOa of which appear to be tbe attenoaied 
re ma ma of the fiter with, poaaibty other compresaed material cntaldfl 
this. 

A drtmaoe change b acen when tbe aefaizont rupturea and rdetset ita 
merozoitea. There ia an immediate imranoa of the arcs by phagocytic ceOa 
which proceed to engulf large norobeis of tbe merozoitea, but ooe presomea 
tht most of tbe Utter if not the majority attack the red celU to mltitte tbe 
Inrasion of tbe blood atreem while tbe taggards are engulfed by the phagocytes 
and digested. The pb^ccytic cefis st 6ni are few in number and may be seen 
thinly Bcattercd amoog tbe meroxoitcs of a ruptured acUzoert. 

Aa tbe iimai r c p c oceaa p rocceda. there is found an increasing num ber 
of the phagocytes and a corresponding duniootion of the number of mcro- 
sntes. The mfiltratlon of ceOa fomta an island in the otherwise uniform lirer 
tubiUnce and ctault out in maiked coutrazt to tbe latter The iorading cefia 
are mamly monocytoid but poIymoTJhonudears are also present and a few 
plasma celb are to be aeen. At a aoroewhat later stage, the mfihraijon alone is 
endeot, the meroxoitcs haniqf completely disappeared either by entering 
other cefls or owii^ to tfigestion br tbe phagocytes. One presumes that eretrtu- 
iDy the latter also will dtfsppear and the area resume an ippeannee oonnal 
to brer ussue. 
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(b) Plasmodium vivax (Plate I, Figs 7 and 8) 

Sixth and Seventh Day Stages —As the infection of the human case was 
effected on two successive days, and the biopsy was performed on the 7th day 
after the first infecting feed, it follows that forms of the 6th and 7th days would 
both be present The distinguishing of these one from another could only 
be presumptive and based on the degree of development Two stages in 
development could be distinguished and these gave us the impression either 
that development was somewhat precocious in this case or that the human 
parasite develops somewhat more rapidly than the simian 

The earliest forms were ovoid plasmodial masses similar to those seen in 
the case of P cynomolgi at the same stage (7th day) but were larger, being about 
42/i in the longest diameter (Fig 7) The cytoplasm and chromatin stained 
respectively m a similar manner and the varied shape, vacuolation and absence 
of tissue reactions were the same estimate of the number of chromatin 
masses at this stage in an entire parasite gave the number as about 800 In this 
group somewhat more advanced forms Mere included vs'hich, while retaining the 
general characters described, showed indications of the condensation of cyto- 
plasm around the chromatin masses to form merozoites, the individuality of 
the latter being largely masked as in the case of P cynomolgi while the schizonts 
were still intact 

The 2nd stage seen consisted of a single form (Fig 8) which appeared to 
represent the rupture of a fully developed schizont and the escape of merozoites 
from It We are not entirely satisfied that the appearances seen ment this 
interpretation and that the rupture was really the spontaneous breaking up 
of a fully mature schizont There remains the possibility that a nearly mature 
schizont was mechanically ruptured wath escape of the merozoites into the 
immediate neighbourhood I^Tiatever the correct interpretation, there is no 
doubt that schizogony was far advanced woth the production of a verj' large 
number of chromatin masses which were being extruded smgly and in groups 
These umts are so small that it is difficult to be sure if there is a cytoplasmic 
accompaniment to each fragment of chromatin to form a fully developed mero- 
zoitc If so, the merozoites are definitely smaller than those of P cynomolgi, 
and wc consider the more likely interpretation of this structure to be that it is 
a prematurely ruptured schizont in which the merozoites had not reached 
matuntj 

Before leaving the subject of the human expenment, one aer}' stnking 
phenomenon connected with immunity must be mentioned The human 
subject had undergone malanal therapy 221 months prcMOUslv by infection 
with the homologous strain of P vivax induced ba blood inoculation and had 
experienced thirteen peaks of fc\cr We were uncertain how this preaaous 
infection would affect the expenment, but when examination of the biopsj 
matcnal rcicalcd the presence of schizonts in the Iner on the 7th daN, we looked 
confidently for the onset of clinical malana and parasitaemia about the 9th or 



rvt bt^TtnooTic tn r crsouvuj aau r u»/U 

lOih day In acUnl fict, there wm no dirucal ittick beyo n d a trtmitorr •Upfat 
riM of tonperuorc on ibe 15th day and no pamatea were crer demooitntcd 
in the pcnpberal blood. TTic aigaificaace of tha fintCng will be dealt with 
In the docuanon to foUcnr 

Dtiaiwox 

'nn* wori has pronded a aolutian to the problan of prc-erythrocytic 
actniogony in mammalian malaria there atlll remain a nomber of anaolred 
questions and some of these are discuased below 

The hiatory of the P mas e^eruncnl pr eaenu an intcrcstlnp study in 
fmmtmltj The important part pbted by cells of the retJcnIoendotMiaJ 
system in the immune proceaae t ocenrm^ in malaria la now well recognited. 
Observations in mamtnaltan malaria have, h owev er been confined until recently 
to the erythrocytic infection, whilst even In anan malam, where the existence 
of cxo-erythfocytic schizogony has been known for more than a decade, EtUe 
work appeara to hare been done on the spadlic effect of immunity on the 
tissue phasea 

There », boa ever acme indirect endenct beannf on the question, Bott) 
(19(7) in Stan maria ng his exp«na>ce anth P max malana, comes t the 
condnsIoQ that whilit a yery effecmT lounonity n eaaHy obtajoed against 
the tropbosoKes of a bocackigouB atrain, the earher atago, the sporozaltes 
or their immeditte successors, are maecesalble to the Immune isechamtm. The 
effectiveness of emmunrty foUowtog a aK^ie attack s found to vary corwdenbly 
It ts usually complete, but mQd infectioos can occur following re* noculatloo 
with the homologous strain. The immunity may lot according to Bom 
ThOMU and KircfitH (1930) for 3 years or more. With P eynomolft on the 
other hand Skortt Pa-SDIT Mdcow and SwAinxiTH (193^ demonstrated 
that monkeys cured of the infection were as susceptible as normal monkeys 
to re-mfecuon w ih the bocnologous parasitca. \ie have recently ampEfied 
thi« observation bv showing thit a monkey natarally cured of a bIoad4nduced 
Infection was fully ausceptiUe to a s p or ox oite mfection. 

Our work throws a bul« more Eght on the proWcTD It will be noted 
in the human case th«t m spite of the apparent absence of Wood infection, the 
liver contained pre-erythrocyUc partsrtta. In other words, dertiopment of 
the sporozoites proceeded unchecked in the Ihrcr parenchyma though once the 
merozertea attempted to estabUth themsdvea m the petipheril blood the 
hninimity mechanism tmmedutely suppreaaed the Wood cycle. There ts some 
endcDce that there is a cellular bans for tins process. i\e bare shown that 
on the lOih day foDowing inoculation of P cyaomoip sporozoites, phagocytosu 
of ru pturing aciuxoQti Is endenL Id the same tissue wt observed foo of 
infiltration which apparently repreaented the completed stage of tha procesa. 
In the human nrer tha appearance was present to a much greater eitent though 
not in cTrect aasoaatKin with the parasites (which were, at the most. 7th day 
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cyde. WTtrther tbew ob««nti<w» are tme cf trthtome m mm oabna, 
our lUTotigatKm, to dale, of the pre-erythrocjlic cyda of P cyncmal^ and 
P m«jr hu grren bo ItuDollofl ol taj radi djffercntation In tl» *chi*cnU, 
and only fortl^ ttodj will duadate the ponL 

A ftalnre of these liver Infectlona, which b of coimdcrable inicreat and 
which waa probably one of the reason* why this cycle remained ondbcorered 
for *0 Jong u their bck of Infcctiveoeas when tran sf erred to dean anmuls. 
It win be recalled that afl worken (HtTP and Couixrew 1&47 Mimuuja-X 
Mala*u Exqotit 1946 Siiomr Gauuam and hlAiAUoa, IWS) failed to 
Teprodnee in irdection of f* cy»omtig» fonenring the inoculstkoB of sospcniloni 
of hver taken from ammab m the meubatioo period of the tlt***^*** In this 
respect, P cynomolp behaves like H koda (GAaNiiAU 1945) and the genus 
HtemopnUut tod unlike the avnn eaoerythrocytic psrsaites, which sre 
ahrays infective on subiooculstioDL 

In condunoo we fed aure that the recent advances Lo oor knowledge of 
anan and trammaliafi malaria, ouog the term mslana in a wide tense to iodode 
the pigmented blood parasites of birds, bau tod reonkeyi, will raise qtieatioas 
of the taxonomic rdatiorahlpt of thete various forms at well ss of those found 
in cold blooded vertebrates. Some of the hspCcotiast were briefly dbotssed 
by US recently (Suom and GAEffioa. IftfSb), but the rob}eeJ o beyond the 
•cope of the p fwjr , paper 


Sinouar 

1 A detcnptioo i* given of ape nm ents resulting Id the ditcovery of 
the pre-erythrocytic stages m the life cycles of P cynvmofgt snd P cira* 

Z In the esse of P daily development of the fonna coch> 

mcnang from the 5lh diy of the iocubation penod to the ettabUthroent of the 
blood infection on the 9tb and lOth days Is described 

3 In the esse of P max the forms described are those present on the 
6th and 7th dsyi of the incubation period 

4. Certain quettiooi coriftectcd with unffiumty the mecharawn of rdspses 
tl»e earliest forms of the prc-erythrocytic cyde, the non-mfcctirity of the pre- 
ciythrocytre forms on sub-ioo^aJion and the poswble modificstkau in the 
t ax o u o im c status of the plasmodia are d iscus a eil 
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TRANSMISSION OF KALA-AZAR TO THE AUSTRALIAN 
MARSUPIALS rmCHOSURUS VULPECULA AND 
PSEUDOCHFIRUS LANIGJNOSUS 

DY 

A BOLLIGER 

AND 

T C BACKHOUSE* 

(From the Gordon Craig Research Laboratory’, Department of Surgery and the School of 
Public Health and Tropical Medicine, University of Sy dney) 


Visceral leishmaniasis or kala-azar is a disease chiefly confined to Eastern 
India, North China, the Mediterranean littoral, the Sudan and parts of 
tropical Africa and some regions in South America In its distribution it closely 
folloAAs that of the vectors, certain species of sandfly belonging to the genus 
Phlebotomus that habitually bite man The disease is absent from Oceania 
and Australia, a fact which parallels the absence m these regions of the appro- 
priate insect vectors Nevertheless, it occasionally happens that persons 
suffering from kala-azar are landed in Australian ports, a happemng that 
became much more frequent during the 1939-45 war when cases of this exotic 
disease, hitherto rarely seen in Sydney, began to make their appearance in 
metropolitan hospitals as the result of the greater number of Indian seamen 

Our thanks are due to Dr G A M Heydon and Mr W K Whitten for their 
interest jn the work, and to Professor E Ford for helpful advice and cnticism in prepmng 
the paper 

Cultures of leishmania used dunng the investigation were examined and maintained 
under the supervision of Mr A J Bearup Those obtamed from India were sent by 
the courtesy of the Public Health Commissioner of the Government of India and of the 
Department of Pathology and Bactenology, University, Calcutta 

The histological preparations were executed by G Hayden, and the photography 
was done by Mr S Woodward Smith (Figs 1 to 4) and Mr H V Golding (Figs 5 
to 14) 


* Published with the permission of the DlRECron General, Commonwealth Health 
Department 
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entering the port. Hic obeorttioo* here recorded retailed from iha arenm- 
*Uii« »i>d the mrougatton wm •tmial^ed by the thought thtt the 
nughl wen have become « diigwwtic *nd ereo en cfrfdemjoIogKal problem 
tffecibg ilbed pertonjicl m •ome theatret of war eren outnde ita nonml range 
of eiKlctmaty Therefore, it •eeroed dctirible to eatabiiah the InfcctHm In 
qpef iment tl antmalt u a baatt for fortl^ ttadica. In the abtence of the 
banater It wta decided to teat the aoaceptibarty of the cotnmon phalaager 
or pmaum Truioama vuIptcuU, and it waa aiewn that a pouch yoang of 
thb manupol became infected and derdoped typical leaMuf of Idihmaoltiia 
after inoculalion with the flageOate form of Zm Aa ncpa ^wreaf from t cukure 
derived from the blood of an Indian aeaman affected with thta doeaie (A«mt 
TU 3C and BoLUon, 1945). 

FoUowing on tha initial cuccaa, the courae of the diwn* tnd tbe aaaocuted 
pathological changta were attwfied m a aerica cf twenty five poaanma, indodli^ 
one rmg-taned poaaom (PiaJotitamt faay w B m ). Ammala of varying agci, 
pouch young adoleacent, and ftifry grown, mdoding acme wbeh had bad 
thetr apleen removed, were uaed, and the inoculated material conntted of other 
the fligelUte form of the organkm In cuhurea of rmrioua agea or tbe nen 
ftagdlate form of letahmtnia occurriog lo the blood or tjiauea of other infected 
■ nimatj or of a 


Tacsnqui. 

‘TTh inmiimi naad ai dot fannaaMloa wm ajicurrd is iwdeaa andparta f tba 
aoburba eif Sydoar aod la tfaa adfbbouHwod of \1 m Vale hwrv South waka. Sana 
were bred In tha laboratory Tbey were ttMoOy kept b ndlndoa] ctm iboat 8 by 8 Sact 
n the. ‘Their dwt cginued of brewL lucenM, freth £ndt wid ve^^blaa, wqipl tl nantad 
by karea nd twlc< hom eueatyptoa, bTorettn Bay C* tod nbar naiiT* tnea. 'Tbla dWt 

appanntty aatwfactnry a orner pTunw Bred oo d lor aertraJ yean without ahowbe 
any of naboublon. 

A aaliae annwiaiori from cubucee <d kaJa^aar freah abole blood from tnieetad 
rm- nht— kkI hy rtemel prigurt from pd mi waa bjeciad fatracaTdiaflT 

or btnpeitauaOy Ii ill iiir meteriu waa laj ecaed bio each nbaal cai one enaalco 
only la mom anaiMla. bo a eur both tfaa btracardMO aad ntr a ij efi un eal roruM wars 
tmf jpyed at tfao a rp j«t a«- For attraowdiac aad oceaueoaBy for totr^jnU mcal bkctloDa 
the m waa aitteatbeueed wHh ether la iha caae of pooch yount, tha tnatba wm 
wiaeathrtiicd. 

for cultura purpoaea w« obtaawd by cardiac poncTSTa or by maarii f anaall 
cut n tba tt **" **' car A &w dram of blo^ obtaoed undat rtacui caadJaom aren 
trattfcired to abpe of NJOv. medium. Thw culTurc waa a awa rw d at ippf O iJma teiy 
wacUy blEfvaU for the prcacooe of fiaeeflate canm apa. A manber of anknala wen 
afta bterrab CaOtnrinc mJectio*!. wbla Otbm ana left to dw from tha 

ilhi iii or (ta cccffiCcancru. 

Sswan (m freah mfixad (MCccB of and lirar weft prepared aa aoco aa poa aibl a 

after Tbeae were att»^ with { . enhiin Rjia Tnauea &r aectloo wera fixed 

ki Imwlb and Zmto a ub J taa n and acewn of ranety of cr i w ia weta ttahwd 
with harmatox) Im wtd eoaA, ao Gwaon mid Gmaa atiliiA. The (raat roaiorire of 

•rcoooi, towrier have been ataaMd attfa haamataxTtm-eoaA after fortBot fiaadoci. when 

tfeepfy KBxwd wuh laeinctoiTha tba paraa rt aa am readdy ba di'imaiaitated, oftaa with 
ywt cwrpbolocasl detail, ao that tba mere trouhleacane wnl leaa pamtaowU Oima 
P,— cte iiiinii waarr particuUrty wbea tba prcaaoce of bfectra hai already been 
^ttjblshcd by Lawhnatn-Aained amear* and (be atem/rr of tha bmlm aacn at the aactlona 
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was not in doubt In any event, careful search of well stamed haematoxylm sections will 
often reveal some parasites that are so favourably placed as to show both the nucleus and 
the rod-bTce kinetoplast 

I Nature and Course of the Disease 
( a) general 

After one single administration of Letshmanta donovani, m the flagellate 
or non-flageUate form, the disease was defimtely transmitted to well over 90 
per cent of the inoculated ammals (Table I) The course of the experimental 
infection was of a chrome progressive nature which, however, varied consider- 
ably as shown by survival figures of ammals left to die from the disease itself 
They varied from 81 days to 704 days (Table I) Several pouch young died 
from undetermined causes dunng the first month after inoculation These 
non-specific deaths have not been included in our series 

Generally speakmg, pouch young survivmg the first months after injec- 
tion showed retardation of development which was evidenced by a longer stay 
in the pouch up to 6 months instead of the usual 3 to 4 months, stunted growth 
and fine gray woolly fur 

On the other hand, some of the larger and fully grown animals which 
survived infection for more than a year showed no immediate ill effects from 
the inoculation for several months, apart from a transient conjunctivitis and 
other eye changes which will be discussed later Loss of weight or unsatis- 
factory increase in body weight of the growing ammal was one of the earher 
signs of the presence of the kala-azar infection. The fur also showed changes 
inasmuch as it frequently developed a fine woolly structure In a few instances 
necrotic skin lesions appeared temporarily on or near the rOot of the tail 

In the latter stages the testicles of the males and the pouches of the 
females atrophied markedly This and spermatogenesis wiU be discussed 
separately 

In the earher stages, moderate and transient mco-ordination of gait and 
nervous hyper-imtability may also be noted Later on, tetamc spasms or dome 
convulsions or athetoid movements may also occur Polyphagia is now also 
a marked feature, but m spite of it, loss of weight is very marked and may or 
may not be accompanied by eye lesions or neurological symptoms 

A marked anaemia becomes apparent m the later stages and is severe in 
the terminal phases Haemoglobin values as low as 2 8 grammes per cent 
Were found in Possum 349 (normal values 16-17 grammes per cent ) 

(6) EYE changes 

Frequently, the first signs of the infection were found in the eye Unfor- 
tunately, however, in the earher part of this work, the eyes were not examined, 
but in the last tivelve infected specimens it became evident that defimte and 
usually senous eye changes occur m the majority of possums infected with 
kala-azar 
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The signs of these in the Imng animals were as follows as earlj as 1 to 
6 days after the experimental infection, varying amounts of lachrj'mation, photo- 
phobia, hyperaemia and secretion of pus were noticed in one or both eyes 
In some instances the exudate w'as so copious as to justify a diagnosis of purulent 
conjunctnitis The exudate, howeter, has not yet been examined bacteno- 
logically This condition cleared up usually W'lthin a few w'eeks or months, 
but W’as then followed in some cases by a slight but distinct haze oter an 
inconstant portion of the cornea, which became more pronounced as time 
went by At this latter stage an iritis also de\ eloped as indicated by the irregular 
margin of the ins 

On examimng such ejes with a magnifying glass under oblique focal 
illumination, small whitish dots could be seen adhering to the posterior aspect 
of the cornea These “ keratic precipitates,” though very small and compara- 
tively few at first, increased in number as the disease progressed, and in 
advanced cases they reached pinhead size Increasing keratitis, giving the 
cornea ultimately a bluish w’hitc opaque appearance, soon made it almost 
impossible to see the pupil, and severely or completely impaired the sight of the 
animal In other instances, iritis of varying degree m one or both eyes was 
the primary' lesion developing after a conjunctivitis Following the instillation 
of a mydnatic into the eyes, it became obvious that adhesions of the iris to the 
anterior lens surface were present and some of these adhesions were seen to 
break down when the pupil was ddated Subsequently, keratitis was also seen 
to develop m these eyes In other instances, corneal abrasions, scars and 
haemorrhages into the ins w'ere noted before or simultaneously w'lth the 
development of the keratitis or iritis or both 

So far seven animals have been observed to become blind Some of the 
others in our present series may have suffered the same fate, had they been 
permitted to live sufficiently long Following obvious impairment of sight, the 
eyeballs shrank considerably, even in the absence of marked keratitis 

(c) EFFECTS ON SPERMATOGENESIS, TESTICLES AND POUCH 

Advanced kala-azar produces marked degenerative changes m the testicles 
This manifests itself in the living animal by a diminution in the size of the 
testicles and by alterations in spermatogenesis The latter becomes evident 
on examimng the spermatozoa in a drop of urine (Bolliger, 1942) Patho- 
logical forms may be seen before any noticeable alterations m the size of the 
testicles occur These abnormal spermatozoa may have lost their head or 
may possess two heads or an abnormally shaped head or vacuoles in the neck, 
body or tail 

In the advanced stages, spermatogenesis ceases completely and the testes 
are only half or a third of the normal size Some males infected at a sexually 
immature stage never produced spermatozoa The testes remain undersized 
and may be less than one-fourth normal size On palpation the normally 
large carrot-shaped prostate has practically disappeared 
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In the m^ooty of fcmtlc* exxsuncd, the pouch lod the nummary glutdt 
osd mppla contained in it ven found to atrophy aa amn aa the was 

veil cfUbhshed. In advanced dheasc the pouch was only ahoat a tUrd as 
deep and wide as that seen In tminfected controls of »iirin«r jge. Ulumalely 
the pooch presented itself as a atnieture of about one-third the usual length, 
with the Gps separated and with groaily atrophied tnammary glands and 
nipplca. 

{d) BtX>OD CDLTimnS. 

The pnnapal dugnostic method employed was the blood culmre. A few 
drops of Wood vCTt transferred on to roedium. The fhgeUate form 

of Inshminii ahrayi developed when the bkwd epeamen was obtained from 
an aalmtl wrth advanced kala-aear However in the present mvestjgatiarL, 
no attempt was made to sjcertaln just how soon after hioculatton a poaitire 
culture could be obtained. A positive culture was obtamed 45 dsyi after 
inoculating PcMum On the other hand, repcatexlly negative cultures 

were obtained from which wer e not naiL ediy [Q and wluch, on histo- 

logical gitmi nation, proved to be Infected wkh the disease. In other instances, 
a negatcre cubnre became positire after a few mcaiths. This wwi the rr w In 
Poaaom 409 though only toy few parantes were found to be presort in spleen 
and Irrer Probably fewer negative cultures would bare beta obtained had tbe 
Wood been cutKontrited prior (o transfer to N N N medium, as reeonuaesded 
by NAPm (1^46) and others. 

II AdTOMT FL'OWCI 

The « Qghta of the orgaiu removed at autopsy are sumnurued m Table 11 
In additioa, the foQowmg points will be elaborated 

(«) General n uc rotcopK and mkroacoplc appearance of iplmt, 
liver kidney central nerrous system and eye. 

(i) The histdogy of alt the organs e*taiTiined of three niastrative 
cases together with a short htttory td the eapenmenta] Olncst. 

(r) Tbe nucroacopic pathology of the eye and central nervous system 
srt furtWr iodindual cases. 

( ) OsKxxu. M*«)acoMC *:o Micacac o etc ^irrujusca. 
sptasM 

SJtcT^te*p ^ — In tbe fuliy cron oormi) Tntim wv the spieeD t* tri- 

lobrd structur* ncytAy frem 3 to A i i wiumf . I th« nfvewd posenm tba woebt of 

,4m Mjlini ~i~ir^ * £ractr(Xi of tW aban raiapJTB to iwity m tmvn tbe t mx c mi in. 

^x5jti»a ooo &tan vrfT anrasmte animil. ihre* pfeem were Croa»>T itrrjphJc, 
uptweraed by thin ttseskieam p«ik fibtou* band. Q( tfaa wtltfred ♦pfceas n»xe 
tb» bJf wengnndy mkricd »d cenciaUy pvtaeniwl wiiaodi dart fleshy 
SocM sieswed ^ de c rees of fwXtieit, hrnof merulai' trsfufuerTU ■rcat, pak spots 
or trnrultx p att twi rmbb ibnjaab the opvul* or showmj et dxscr«e pak nodes cn croes 
rpi^s. I and 

A/ieTWtrepfc —Tbe atfopWe spkeru sbowsd raarhedly thkkmed capwiks aenss 
fibrous tnbccubs «sd eaCukr pwturs that diflerad arcordnc to tba lice of the disease. 
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TADt-T II 
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at 
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Grammes 

Liver 
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w eight 
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Average 
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of j Prostate 

adrenal 
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Average 
vv eight 
of 
testis 

Gn mmes 
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of 

ovary 
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1 30 

‘’P 

CO ' 

7 7 

0 24 


0 04 

333 

177 i 

7 0 

60 

10 0 

0 17 


0 18 

341 

1 3 

l(i 3 

7(1 

0 9 

0 42 


0 042 

349 

1 1 

1 87 

J2 7 

5 3 

0 1 1 
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1 7 

10 0 
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3 fi 
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0 3 


415 

1 63 

bp 

61 

8 2 

0 12 1 0 

2 1 
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3 S 
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1 4 

S 3 
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1 0 0 
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1 VO 
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45 
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I) no 0 25 
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013 
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1 0 0 

20 

3 3 
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1 2 
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Sp =■ Splcnectom> pnor to inoculation 


In Animal 349, which survived 81 days, there was very pronounced endothelial hyper- 
plasia with large swollen parasitized cells dommatmg the field (Fig 3) In the other 
two atrophic spleens (470 and 657 days) proliferated endothelial cells were largely replaced 
by plasma and lymphoid cells, the parasites having disappeared from one case and become 
very scanty m the other The enlarged spleens also present a varied picture according 
to the stage of the disease There are often large areas of swollen, heavily parasitized, 
endothelial cells (the “ clasmatocyte tissue ” of Meleney, 1925), while m other parts 
of the section or in other spleens at a later stage these are interspersed woth plasma cells, 
or later again wth large lymphocytes and fibroblasts, the parasites becoming progressively 
more scanty This is well illustrated in Animal 409 

LIVER 

Macroscopic — In the infected animals the size of the liver vaned from pathologically 
small specimens to excessively large ones and, generally speakmg, those mdrviduals with 
a small spleen had also a small liver In the majority of experiments, however, the size 
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in mfccted ptultn^in of nrwv dijo I Totr of aje rarnd froea 22 to 93 f r mnn ^i hot ooJy 
in two iTOinctt did the Uirt oTtrf d 80 g t miiw t wcicbt defiaittly ibcn Donmh 

In tppeenncs die Drer* w«t« f pele rod or TtOow red ookur Socoe prowitad 
■1 elrooet «t« ■uTfiH:« wtola othcn wer* mottled. Araio, otben cooethwd nmnetoiw 
wmS diSm hatujoohepc ereei. In the esse of the two Eptaectomlnd tiWiI. the 
Irrw we* eftenct da ed by tmooth aoffac* aul wwsht withm oonnal Ixoits. 

ilkT**c9p ^ — Some Lrm prceentad OiAf edrmoced fatty or Tmukr devaMratna 
of the percochTma cdli. In fmml, tbo etnlnat change w«i the detdcal prolilmtkn 
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TAni.r III 



+ Lcishmania seen in section 
— No leishmanm seen 
BUnk No section examined 
Sp Splencctomi pnor to inoculation 
• Histolog> atypical otMng to marked plasma cell reaction 
•• Marked plasma cell reaction m liver, some endothelial hyperplasia Well marked eye 
lesion reRardcd as leishmanial 

*** Both animals inoculated with blood from 400 Possum 410 killed after 108 days No 
eonclusivc evidence of infection 
t Suggestive lesions in liver and kidney 

ft Lived 31 days only, but showed round-celled infiltration in kidney and some lcishmania 
in interstitial tissue 
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(6) The Histologa op Three Illustrative Cases, together with a Shozet 
Histora of the Experimental Disease 
Possum 349 

HISTORY 

Fifteen ml of blood obtained from Possum 415 (inoculated wth kala-azar 
180 days previously) injected into almost fully grown female 349 Body weight, 
1 7 kg 

Eyes covered wth purulent exudate Definite keratic spot on the lower margin 
of the left pupil 
Spot on left eye still visible 
Blood culture positive for leishmania 

Purulent conjunctmtis in both eyes Pupils large and irregular Spot on left 
eye still \nsible Animal losing weight rapidly 

Body weight, 1 I kg Comatose Died a few hours later Haemoglobin content 
of blood, 2 8 grammes per cent 

postmortem examination 

AH the organs ware pale in appearance The spleen, weighing 1 85 grammes, con- 
sists of a thin pale pink translucent band The Iner weighs only 22 5 grammes A yellow 
gelatinous deposit, consisting mainly of fibnn and leucocytes was found principally in 
the following three sites, vis , between the posterior aspect of the eyeball and the bony 
walls of the orbit, on the floor of the antenor cranial fossa cxtra-durallj , and on the fascial 
condensations surrounding the female urethra At the superior end of the fascial conden- 
sations about the urethra a small tumour woighmg 0 3 gramme was noted 

Hutology 

Spleen — The capsule is markedly thickened and the pulp is intersected a\ath numerous 
very thick fibrous trabeculae The Ivmphoid folbclcs arc few and atrophic and the pulp 
IS composed almost entirely of large endothelial cells most of which arc heataly parasitized 
by Icislimania (Fig 3) 

Liter — ^Thcrc is gross hyperplasia of the Kupffer cells, practically all of which 
arc licanly parasitized and form conspicuous islets among the li\cr cells There is 
little or no lymphocstic or plasma cell infiltration in this section The picture is one of 
almost pure endothelial hyperplasia (Fig 4) 

Kidneys — Both show considerable degeneration of tubular epithelium, particularly 
in the subcapsular region and more markedis m the left kidney There is no appreciable 
round-celled infiltration and sen bttle increase m the interstitial connects c tissue, but 
here and there are occasional swollen parasitized cells between the tubules and in a few of 
the glomcruh 

Suprarennl — No gross histological change is noted but groups of parasitized cells 
ire to be seen m the outer zone of the cortex 

Otary — In the germinal laser among the pnman follicles are occasional parasitized 
interstitial cells 

Pituilan — Onl\ a small fragment of gland tissue present in section No lashmanin 

seen 

I urt ; — Some endothelial hspcrplasia wath resulting thickening of aUcolar wwlls 
which show fairh numirous parasitized cells 

IhiTt — Muscle IS n.lati\cK nonnal No incrc,i,sc of ccUs in connects c tissue sepLa 
No liishmama seen 

Corn/i- — 8oiTie desquamation of the mucosa is present Fhcrc is also some endo- 
ihehsl proliferation and rviund-ccllcd mfiltratiiin of the submucous Ussucs and occasional 
parasiii cd cells are sicn 

Ipprrdii —Occasional parasitized cells arc present m the submucous conneefne 

tissue 

flfi in — Portions of olfacto-v lolve and fare brain ccrel»etl tra nnd mf-'ulh oblongata 
show n ) signi'isant changes No leis'imanii seen 

— Nh nos relatisTb nonnal his'olore No Icis’imania teen 


28 2 47 

1 3 47 

8 3 47 
14 4 47 

18 4 47 

19 5 47 
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HlfTOVT 

15^45 Cabm pnp«ml from blood of t i yp i Mi fT rrtny fr^i till iiir wu 

injieied mio tb* pmtoQ«d ml csrdlac trrity of nc*rty fullr i r o w a mk 
body wel^bt, 14 kg 

6.6.45 Bkx^ cultun aeftthe Car Mskmaua and foroiol gel teu ocgaiire. 

Body v«ight, 3 1 k(. Blood oabun pomdre, fonsol gd poaUrv. Sbxtty 
afterward! h waa noticed that tbo b tgtu to kwa ka atflit, tbe ««'i 

ib ow i pi a bktbh white opttby 

lOJ 46 Body walgbt, 1*94 kg Ganaral baahb, ipait ft t pi low of aj^ajght, vaa £urfy 
good and tfaa had ta i ma a a ppcdt a . Annml k^TW. 

rarrvQCTtM cumix tuo*. 

Tba ipWen, dark red Beiby organ arttb imootfa furiaea, wtigbad 29 gr wMu ea 
md iTM ab^ aaren timea In normal abe. Tha It r w w ai aJao Urge wrigfaing B5 5 gfainmca . 
Tbe peoetata waa only a^iairt &fch of ita mmknum n o r ma l lize weiisdng 1 4 g i mhh m ■ 


^iflofeg;y 

SpUt^—’TbK nonaal crdtatecture n iMt. Aldioagii only occaakaul troplMO tympbold 
fcJ D dca can be aeeo the balk f cba ceOidar part f tba oigm w q ni to ba ccnmoaed of 
lympboid and plamta celli, obaramg background of endocbrikl cefla fci w L^ rery 
o rcatjoru l bodiea nrairmhflrrg poorly ttaioad la l i l a uwua Ma ba tnodt out. Tbe capaula 
ia tirirkmad and tfaa Cbroua trabcoilae tfaro u ^aaoi tba oairm an a o nwiu t [ik iiiaail 

Linr — rftaarua atrikxig pactura of ahar^y deboed fod f roAd-caOad ktfltmicat 
artber pert^portil or intralobuW Tlw <xfla of tfaeae {bd qipaar n ba lyapboeytaa ar^ 
plawTUi cdK *><1 to ffv alnartioni wfaara tbry ea lew dnaaly cr ow d ad mxmc gr uai pa 
of twoflen K cp ffig erOi can ba area. AAar loog aearch arrm? lua caZZi ermfrhhf fiw 
t*‘*«*^«*M wera 6jmd, Tim brer eelb ata goenlar and tba eytoptaas nbu ntfaar 
po oety 

KUny -^Qioart mww m m reand-crPad (od aeuQar to theaa aaan in tbe brtr tad 
tw ^ iJri nd ntarrdoal caCb arkh poorly ctaUng ImhaanaJa. 

£^— Tba ooroea b and raaculatiaed and abow* m a rk ed prdifmtiaa f 

of adren titto oi capiQarka cnl aeoie lympbocytrc inAttimtlon. Tlia oliary 
body B denaely iaEltnted vftb lytophocytca and pbama ceOa, as B also moat of tbe 
clnoidceat. Oc ca tka xa l patmCned cefla arm found aftar pcelonged leaxeb. 

ff tf i Apart fraa rti hTmAva thk ww m TeBtmly good csndjtioa vfacn 

wrrwi ThB, t^atfacr with tba appearance f the ccQuBr rracnon a tba farar and ipfeaB 
and tba panaty of paraa^ tnggrati m attempt at aponUDroas can. 


tl ft? 44 

4 11 4«. 
19 11 46. 
3.12.46. 
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Mala, poacb youof about 3 mebef km and wasgbing abcMt 0-1 ka_ wu 
hilemdwttb tin water of onndmMti oD of coltnia prepared from (be blood 
o(m T****"" aaBEMD uiScr g tg been kill arar rmltaia wa^ pnparad 2S.S 45). 
gobaeqaaitly w^knal aannnd to develop qmta rtonoaOy and reached inatiirBy 

within 1 ywr . . 

N iflumus ipetma, nutty of wlutb an p al faolegkal m appearmn, wwre 
to tba ura u. •*' 

Bodywdgbt, ^ . / 

culture puait h-a for kBhmaiua. f 
Body wdfbr ^-05 kg No eya ehaim 
bcaldu , j 

Uikaa eriXila but moailr de 

tofciaawe^fat. ^ 
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Fic 1 Possum 613 Adolescent Killed 70 days after Fic 2. Possum 628 Died 470 days after inoculation with 

inoculation iiith a culture of Ltishmatua Note the large Letshmanta Note small thin translucent tri lobed spleen 

mottled spleen and liver placed near kidney, small liver, small testes and small rudi- 

mentary prostate, being about one tenth of its normal sl/e 
SP — Spleen PT — Prostate 

















Fig 7 Possum 543 Brain Cellular hjpcrplasia 
and infiltration amongst nerve cell lajer in mid 
brain X ISO 


Fig 8 Possum 543 Portion of Fig C enlarged to 
show parasitized cells x 800 



Fic 9 Possum 635 Brain Shoiis pcnsasciilar lie 10 Possum 333 Section of spinal cord m 
infiltration of cortical capillaries Lcishmanta can cenical region shouing granulomatous areas most 
be seen in some of the cells x 800 marked in gres matter The arrow shows the 

position of the central canal x 50 



aio 


KAU AZAB AXD AliTrCmAIJAK UAXSIjmu 


C*.— The ecurie* epmn tbnncii tad the co s jon e ti rri ecilheDwD onJr frtr 
ceQ* tmck. There h HtiM il^lK ructdariietioa u the h mhIt w 

The cJierT bodto ere dtaaeiy tnKhreteri with WpieaiA »tw 4 p3 »»pv. f*T]« No p»- 
ceOt tie MetL Scene celU tn edberint to D eJtemut * ouailtTwK TIn eptic 
mrr* thcnni tuxDerea* of e«}| p r o b f e re tk a ibocn the opCkr^ roMeU. Tim •ppe^r 
to be cliMIj e*D* of the c n d o t he ikl type or fibrobfarts £brmm< fmsloQUtoai ami ibooC 
the ceptOarT meek. Very o ecaafcft ri fafaulr mkied pamka mo. 

Liffi rTT.— Iben b dame IrmphoM and phtma cefl inflhrmttoo oi ti» efUarr baidy 
10X07 a(Stii|tikiai of aSa adbermf to the Paa tme t* membnoe, Vf^ npinwy t.. 

phem i crib few pri^iuutpfaoaocfear IracscTTea and Ciirfy natoeroui moocnaclear 
phiBW-Ttle crib cfcubritr ig chocotdal pignicot. N WbhraaDW mo. Tla «^^^r^ TTT^ and 
eoroea ippexr thjftned aod atropfaio, and aUsfatif raKukriiad t Um 

PoantM 419. 

Ceatrari mtrvomt iytUm.—-h^ ntttibU n bran cortex, 

fw —Both «7M ab^e forrVert raaoitariiaftoo of tbe cornea and nKtnd^eOed 
Qoo riKwt tbe edicnthioui raaarit. The cfEafy bodiaa are dcoirij fatfiltraled with iTmphoid 
and pbaBia No lataein a «wl« areo. 


POMDM f05 

Crrire/ a y r e ei tjOtm . — The m c naixei are LOjeafed and asfihxatad mth iT mp h o cTtca. 
Variota portto m of the brxfa cortex and cerebribsn aboir g ita e mffloy of tba capQ 
brief w fak h are aurrocokcted br fy mp hoaJ end adranitU caOa. 10017 brar{}7 p e r W tttrd 
b7 bkJwwb (F]r 0X 

£7*.— T^iere are cmaa lodoa praaou cnoriitiT ty of ■a fu ff M Jt j oi ef p amitb ad ceUt 
B (ha optk Bar ra barenen tbe aem fibre*. Ttee are irtflar cell bfinratbau b tfaa 
■4*0031 eelere. *Tbe trti tad eflkf7 body are d mi a ty iaflhrttad with iTmpbeid BaJ pbacn* 
mb(Fir 19)cnd(be«bebuviGt] tnotbnMnorbaaatffimtad. T>c cornea abmn maritad 
reaeokrtfr nd tbe oipiQariea are aor ioureV d bf crib cer uafai nir oxanmaa pare ai taa 


Pnaaw 03 

CranW wrrart tyiUau — Tba dure malrr a Unebaned and adUtratcxl, and »b<nr ct 7 
mea er o m lentenaob. The carabcal enrta ahow ourtad p crir aa coiar UOtratkia and 
probfetatMO of edrentjtbl crib, maiT of wlikb are pamJtbad. Tbe p4*l Tcareti of the 
>Ti*.^in« obionnci and (ba ciptlltnea of tbe biai n aubetaoce aheir r*inarl3bf7 bmed 
pcfTTaeoilar Bfitratboi aref prtfifrt a t fa oa. wrtb mmr p era nt e a. 

Ey* — Tbe cornea *bo«x oedeiiu and marfad reacubmaXMo. Foa of cril bdUtrataxM 
iBd eeiRgatkaia of ceidatbriU crib and Sbrobbat* ere ri niate d about (be adreotitkiua 
capfflanaa. Tbere are iaan 7 peraotaed crib b tbeaa (Fin. 1 1 k The dTuir bod7 *1*^ 
tlw trrea] tract nneraDr ate toSltTetEd. the pr cni e ntiiJ coat bmx brrri7 dneaujnued 
ffTwl abovins wii^T7 d b p etar d p<caMnt*l>canzix reacropbafea. The ntreoua IJTcf vrtfa 
rta and tbe (ntbon ceO oerrr fibre htct of the rrtaie hmrt acane ioiVtraticn 
b7 mecropfaxta crib aoma «f mbich cnatafo bi i Jan a nia . 


ratfvM 641 

CbOrri erfocw irttmt , — Tlkt add-breai above no aicukr rbamre* or mAhretaxie. 
Ortr tl;« errebrikun tberr 0 acane round-criled btAhretioa and enjothriiri profifefatbu 
about tb* pfal laaach wri here abo there are foa of paraaitocd ceOi Neat* are eaen « the 
bcBB tjrfMtJf r . _ 

£y^ Tlv cornea * ratber but ebowi no rreadarmnoo or ceO euUtTttxaL. 

Tbe dbair bod7 ■ aafihratad with pb«M crib and tnnphocTle*. with acme Loi* para- 
■Ttoad crib. Theta 0 acne aaidotbefari probW»o m ih* penoeubi teaure 

o tlv ref»* of tbe c^j« nen end aoroe pa ra mird celb art preau *» tba opQc octt* 

harif. 
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Possum 1003 R (Psettdochetrus lamginostis) 

Central nenous system — The fore-brain, is unaffected The irud-brain substance is 
relatively normal but the choroid plexus shows many parasitized endothelial cells The 
cerebellum is unaffected. Also the medulla and spinal cord are not affected 

Eyg — The cornea is relatively normal and no v'asculanzation or infiltration is seen 
The aliary body' is mfiltrated with lymphoid and plasma cells, and here and elsewhere 
m the choroid coat are fairlv numerous parasitized endothelial or macrophage cells 


Discussion 

In twenty-two out of twenty-five inoculated Phalangendae, Jeishmania 
were recovered in one or more internal organs (Table III) In Animal 415, 
where no parasites could be found, an advanced eye lesion was present and the 
blood of this animal inoculated into Phalanger 349, produced a typical leish- 
maniasis in the recipient On these grounds, 415 must be considered an infected 
animal Specimen 410 was inoculated with 3 c c of blood obtained from 
Possum 409 which, at the time, was considered to be undergoing an attempt 
at spontaneous cure because of the paucity of parasites, atypical cellular reac- 
tions in liver and spleen, and good general condition Animal 410 was killed 
accidentally after Iivmg for 108 days after inoculation The spleen was found 
to be enlarged, and a characteristic haze over the cornea suggesting an early 
keratitis was present However, no parasites or typical histology were found 
in this animal Possum 411, which was injected with a larger amount of blood 
(7 c c ) from Possum 409, developed the disease in its typical form Although 
no parasites could be found in Phalanger 533, suggestive pathology was present 
in spleen and liver 

Summing up, it is evident that the typically Australian marsupial Tneho- 
surus vulpeada and, in aU probability, also Pseudochetnis lamgtnostis, are highly 
susceptible to experimental kala-azar infection In the absence of the hamster 
{Cncetulus gnsetts), we have in Australia a highly suitable ammal, the possum, 
for laboratory investigations of leishmaniasis, and the possibility should not 
be overlooked that, under appropriate conditions, T vulpecula, or some other 
marsupial, might become the animal reservoir for leishmania 

In the present series of experiments no difference was observed between 
the infectmty of cultures, blood, or bone marrow Also a culture injected mto 
Possums 341 and 641, which had been subcultured eight times over a period 
of 10 months, was found to be still as virulent as a fresh culture 

The first noticeable sign of the experimental disease is a conjunctivitis 
observed as early as one or several days after the intraperitoneal inoculation 
with leishmama This is noteworthy since the incubation penod of kala-azar 
IS assumed to be at least several weeks At this stage, however, no explanation 
of the production of this lesion can be given In general, the frequency of ocular, 
as well as of nervous manifestations noted, was unexpected in view of their 
absence in human leishmaniasis This aspect, however, wdl be discussed in 
connection with the histology of these lesions 



812 V-llA AIA» ASP AriT«.\LLUI MJlWCmU 

Spienomt^y whtth durtctenzes tho hucmn daeue, o c c uri In iho 
nojonty of iho Infected Phalangendac (Table 11) end tJte ntfpmujg occ u rr e nce 
of •<■!»« •bnormiUy email cpleot* hu been obeerred prcnouelj in infected 
dogi {Adlii tml Tiirooo*. 1934). 

The *e%-erc atrophT of the g enru l organ*; particularly in the naUe, mar be 
due to the direct action of the pamrtc on the genn nal epitbelmm. Howeier 
m only one Inrtance could parante* be found in the teat idea. On the other 
hand, the ptrurtarv gland hea been found amaner than mnal and frequently 
infected with Idahmania (Table III). Tbo* interference with the accrctioo 
of gonadotrophinj may well hare happened. Thia, in turn, may have produced 
the genital atrophy 

In a ntmlar manner the •erercly atunled frowth of many of the expen 
mental anunalt could be exphoned by a lack of growth hormone accretion 
from the pituitary 

Furthermore, the adreodi have clao frequently been found to be infected 
aod amaDer than oxoil, and therefore adrt^ cortical laaoSckncy may at 
\tut be a cwEtributlng factor to Uw awtipby of gtsutal organa. 

Htmrrcr Iciahntania may occur in almcat any organ ctf an infected T tal 
ptcMla or P laagiKonu (Table lit) and the bjatolopcal change* hart been 
de*cnbed m protoccii of OhiatratiTC caea. In general, thrr were identical 
with thoM which bare been eammuuctted In the litermi e by CuittTorfmts 
(1901) SnentTT (1923), Meijmt (1925), Ho (1S03), *011 eaboa, with the 
scepdOQ of thoae appearing In the cerrtrtl oemnu ayrton and the eyea. In 
twelve animali In which aectianj from vanou* part* of the brun were atudied, 
groa* chaagci of a granolomatou* nature and panudea wwe found m •creB- 
In thirteen animal* the eye wa* examined. Of thcae eight bowed gro>* hiito- 
logKal changes with the presence of parawtea, while ancaher one showed sunilar 
tmue change* but witboin demoottrahle ptrutea- 

Of elerro animal* m which both bram and eye were examined, aeren 
■bowed tj-pical knons in both amMiioai. In the agbth case (Poarmn 415) 
of thj* •ene*, typical tune change* witbom demcmstrablo parialtea were present 
m the eye, while the brain appeared nomuL In the remaining three, m whkb 
the brata and eye were examined, no lesions or pamitea were scea 

In human kala-aiar the nerrou* system u rarely attacked. Thm, NariEa 
(1948) writes The oerrom *yKem seem* to be peculiarly free from attack 
by the pmwte* or their toxma. The meiWaJ coodrtioo is aJwiy* qmie dear 
ertn in the fir'll stage* and detnnm t* lc*i comraon during pyrexial attack 
In thrs than m any other ** 

biereitheJeaa, some wmer* refer to the occatsonal nervous mamfeatatwci. 
BaAH>uC 3 i.>JU (1923) say* Tetsi^ epileptiform fiu retinal and meniogeal 
baemorrhact* are nntmal comphcmoca." This writer also tnectioo* cerebral 
baejneerbage and *pliBl mtmngrti* in assodation with i nfant ile Ula-aiar and 
refen to CHEiironoM (ISM) finding of leuhnana m pettcbiae of the 
aracimotd in Indian kal*-aiar 
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Similarly, eye lesions in the human disease have received scant mention, 
although the literature contains occasional references to conjimctivitis and 
retmal haemorrhages Duke-Elder (1937), in referrmg to the “very rare 
leishmania keratitis,” based his brief note on the paper of Chams (1929) which, 
however, has not been available to the writers of the present communica- 
tiom Elliot (1920), in his treatise on tropical ophthalmology, makes no 
mention of leishmamal eye lesions Therefore, it would seem that central 
nervous and eye manifestations in human kala-azar are rare complications 
In the naturally occurring disease in dogs, on the other hand, keratitis is 
sufficiently common to have attracted the attention of vanous observers 
Lemaire, Sergent and l’Heritier (1914) give a good description of the histo- 
logical appearances in such lesions occurrmg in dogs in Algiers Adler and 
Theodor (1934) describe eye changes in dogs experimentally infected with 
Leishmama donovant These appear to have been confined to the cornea and 
comeo-sclerotic junction and consist of infiltrations with macrophages and 
plasma cells The condition of the uveal tract is not included in the description 
The hamster (Cncetulus gnsetis) which has been extensively used m experi- 
mental leishmaniasis does not seem prone to develop eye comphcations 
Meleney (1925) says in regard to the eye “ Parasitized cells are found only 
m the loose outer layers of the posterior sclera where it joins the orbital con- 
nective tissues ” Regarding the brain, he ivntes “ Neither m the brain tissue 
itself nor in the walls of the intracerebral blood vessels are any parasitized cells 
found In the merunges and choroid plexus, how ever, they are rather numerous, 
usually in the internal cells of capillaries ” Adler and Theodor (1934) report 
the absence of parasitized macrophages m the brains of dogs and different 
species of hamsters, though in some of the latter parasites were seen m the 
cells of the choroid plexus 


SUMMARA 

The results of inoculating twenty-live Australian marsupials of the family 
Phalangeridae, t e , twenty-four specimens of Tnchosurus viilpeaila and one 
Pseiidocheirus lantgniostis with Letshmama donovam are recorded 

These marsupials w ere found to be susceptible to kala-azar , twenty-three 
out of the tw’enty-five ammals were defimtely infected 

The experimental disease was established after a single injection of material 
contammg either the flagellate (cultural) or the non-flagellate form of the para- 
site. For transmission of the non-flagellate form, blood from an infected 
animal was generally used 

The estabhshed disease was of a chrome and progressive nature Death 
resulted after periods varj'mg from 3 to 24 months The chnical manifestations 
included those of ophthalmic and nenous disease Parasitic invasion of the 
eye and of the central nervous sjstem was a common finding This is m sharp 
contrast to human kala-azar and the recorded findings in experimental ammals 
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THE OCCURRENCE OF TICK-BORNE TYPHUS IN 

^VEST AFRICA 

BY 

G M FINDLAY 

AND 

G T L ARCHER* 


The occurrence of marine typhus throughout West Afnca has now been 
amply demonstrated by the isolation of nckettsiae in guineapigs and by 
rickettsial agglutination and complement fixation tests (Findlay et al , 1943 , 
Findlay and Elmes, 1947 ) 

In addition, m 1945 there occurred in Northern Nigeria an outbreak of 
louse-borne typhus Rickettsiae were isolated in guineapigs from batches of 
lice in Jos and from the blood of patients in the Bauchi Plateau and from Kaduna 
The sera of these patients produced agglutinins and complement fixing anti- 
bodies to louse-bome typhus nckettsiae in higher concentrations than to munne 
typhus nckettsiae (Findlay and Elmes, 1947) No complement fixing anti- 
bodies were present to tick-borne nckettsiae 

In the present communication a bnef description is given of what appear 
to be cases of tick-bome typhus occurring on the Bauchi Plateau m Nigena and 
in Northern Ashanti on the Gold Coast 

No previous descnption of tick-borne typhus from West Afnca has been 
published, but Longley (1945) has bnefly described a fatal disease among 
dogs in Nigeria possibly due to nckettsiae, and states that he himself suffered 
from an attack of typhus followmg the bite of a tick which was believed to have 
come from a dog Unfortunately, no further steps were taken to verify the 
diagnosis of tick-borne typhus in this case Tick-bome typhus is, of course, 
well known in South Afnca and in Kenya 

Clinical Notes 

The three cases of what are beheved to be infections ivith tick-bome 
typhus all occurred in the last 3 months of 1943, at the end of the rams 

Two cases occurred in European N C 0 s attached to a West Afncan 
battalion stationed in Kintampo in Northern Ashanti, Gold Coast Kintampo 
is surrounded by orchard bush 

• Our thanks are due to the Staff of the Royal Army Medical Corps Emergency 
Vaccine Laboratory, Everleigh, Wilts, and to Dr J Gear, South Afncan Institute of 
Medical Research, Johannesburg, for the supply of rickettsial suspensions and for help 
in carrying out agglutination and complement fixation tests 
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eetooUktkit of terwtr £n»t»l bnd*d» mtd nrrMtxig H Imi Uh off eokwr for * tUyt, 
tKit h«d had BO rinn orioiiu pots. No oalnial Mmitc* were acco ki the Uood. ll 
ww diifnoatd w influm*a, tn« oo 23JJ.43 bfcx^ pfafcfah nth appeared fim oo the 
fn« rf d* body and bter oa» tha Caee. Tbaac ipota. wfatefa wotc roaa pfak. natmi oo 
diffuac crydicioatoaa Uaa i they ftdtd oe pmaui*. Tlwo wti no co ry aa but lK«lacb« 
ttfll con tfaw d and »aa wocae at night ao that tha etJon coaid bo< odo. By S0 12.43 
the padcDt kn^Enl toxic, with ■ Cmhed congestrd face. Tb* Brirta wa» no mal , but the 
faraa contained a fnr macrophafoa, Uood and nucoa 

28 12.43 Headache 'wm atZl iha cumt utupiaUit and ticeplewncaa. Aoora xi a wa* 
pmeitt. The imik nd £aocea w«n mtdaoed mmJ finely panikr Occadonal rttowhi 
were noted ki beah kmc* wWia the t^ of dK aptcan wax jiart palpahfe behm tha kfl coatal 
tTMtyin , Tha p nhucat ary aecood acnod trea fedopDcatad. TTw poat-«cxipftaJ Bad rifht 
cphiochkat tynph nodei xren e&UzTed. The aUn abamd fina pink TMh cn the trank 
and pink maoika apatiely acaorred <n tba tnmk. Ow oe two macuias were alao pmant 
« tha aaaa atad ddftau Total kuuoeyiea, pet cjnm. polynaisfphoo ucfa ar iraco- 

cyM, 79 per cant ■tutfl lympbocyira, H per cent, monon uch att, 6 per caoc I 
eoainoohSi, I per cent. 

31 12.43 Headache wm aCiII pceaent, but InataiwtB waa Icaa. Too«ua wfajte. Cheat 
nenr dear Tha urina contained a ahfht mce of albwnio but no bile No eridenca of any 
aachar araa framd. 

2,1 44 Tha tuuiiciatare wai ocrmal for tha flm tkot 



TlKmATtn CsuT or CoarcoLU. H. O h 

a I 44 Tha mh had now- ahnott (taw except for Sew nra t Trt aa on tha bdeanen 
wfaiefa fwied cn preaaurc kxrinf Satnt brown mark. The topfua wx) oow dtan Btd 
txdwr raw at the adfca. 

9 I 44 W D rood appetice raah now (oea do ad ea tt fa. The teotperatara a 
dhown tn the Chart. 

Cm Z 

CQ.iL8 A.B a(cd 33. Army aenax 19 yaara. 

X7 12.43. Ac £2 00 boura t tai u i l a cte d of omatea and retchaa(. 

38.12.43 Fdt fererah, nnmy aod catfaar J»ht-headed Uit txaitinued oo duty 

SB 12.43 Sjmikr ayuip t c ot. . , ^ 

30 12.43 CiKiplainied of nauaea and f aaea t a h aa rlarh e a dmirtrd » hoaprtaL 
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31 12 43 Felt -worse , severe postocular and occipital headache, backache, nausea 
and vomiting Temperature, 101° F , constipated , cough, with whitish yellow sputum , 
weakness and anorexia 

1 1 44 A ngor , temperature, 103° F No malana parasites seen m blood 

2 1 44 A rash noted on the front of the chest and abdomen 

3 1 44 The rash is now better defined, especially on the trunk and upper arms , 
It IS of a scarlatiniform type but rose-pink m colour , in addition, there are spots about 
4 to 7 mm in diameter and slightly raised, some pink, others a dusky purplish red They 
are seen on the chest, abdomen and back but more especially on the flanks Only a few 
are present on the upper arms A feu rhonchi arc scattered over the chest The epi- 
trochlear, posterior cervical and femoral lymph nodes are palpable but not tender 

5 1 44 Tip of spleen just palpable , still complains of headache , constipated, 
tongue hcatuly flirrcd 

6 1 44 Slightly cyanosed and muzzj , frontal headache and insomnia , rash 
beginning to fade with faint brown marks on pressing the spots 

7 1 44 Tongue furred with bluish red, raw edges , slight generalized ademtis 

10 1 44 Feels better , temperature now normal , spots very mdistinct Total 
leucocytes, 10,500 per emm , polymorphonuclear leucocyUes, 47 per cent , small 
lymphocytes, 41 per cent , mononuclears, 5 per cent , eosinophils, 1 per cent 

Convalescence uneventful 


Case 3 

Capt O , age 28 Aimy semce, 3} years , stationed on the Jos Plateau in Northern 
Nigeria 

22 10 43 Complained of headache and feeling “ off colour ” The headache 
continued -with considerable seventy for 8 days , a rash appeared on the abdomen and chest 
on the 4th day In appearance, it resembled those desenbed in the other two patients 
Rhonchi were present m the chest Malana parasites were not seen in the blood stream 
The temperature returned to normal on the i4th day 

Serological Reactions 

The results of serological tests on these three cases are shown in the 
table on page 818 


Experimental Investigations 

Blood from Case 3, removed on the 10th day of illness, was inoculated 
mtrapentoneally into guineapigs which showed a thermal reaction above 104° F 
on the 8th and 11th days The infection was twice passaged in gmneapigs, 
but further study was impossible owing to the infection of the stock guineapigs 
with a salmonella. Although no definite scrotal reactions were seen, the tunica 
vaginahs of male guineapigs was reddened and infected and smears stained by 
Giemsa’s method showed a few nckettsiae in the cytoplasm of endothelial cells 

The patient’s dog gave a Weil-Felix reaction by the slide test with OX 2 
but not with OX 19 or OXK (Agglutination + -f + in a dilution of 1 in 2 , 
a trace in a dilution of 1 in 10 ) 

Ticks, Rhtpicephalus sanguineus, collected both at Bauchi and at Kintampo, 
gave no reactions when inoculated into guineapigs 

Discussion 

The evidence that these cases were due to tick-borne typhus is dependent 
on the occurrence of a positive Weil-Felix reaction associated with a t3^hus-hke 
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Mach further arreetigatna ts reqmmi to determine whether iQ the forma 
of tick borne fever south of the Sahara are idemical and how far tbar rccton 
differ m Sotrth, EaK and Wert Africa. 

There la already erideiice that Sooth African udt bomc typhua and the 
fiirre bontooneuac o( the Mediterranean area are related. 


Co'tcuJrota. 


Three caaea of typhoa are reponed In Europeans from West Africa. There 
is reasoo to behevt that these cases were dne to tkk-bome nckertsue which 
appear to be rdtted anugetncallr to tboac rcapooaible foe South African tick 
typhus. 
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HUMAN DICROCOELIASIS IN NIGERIA 

BA 

P J L ROCHE, 

Medical Research Institute, Yaba, Nigeria 


A specimen of human liver sent in connection with the viscerotomy service 
of the Yellow Fever Research Institute, showed, on section, a small trematode 
lying m an intrahepatic bile duct By chance, the section was an almost true 
median longitudinal section through the worm The parasite measured 3 8 mm 
in length, and showed very marked development of the acetabulum, 0 34 mm 
in diameter, this bemg larger than the oral sucker, which measured only 0 26 mm 
in diameter The operculated eggs were golden-brown m colour, and measured 
42fi m length by 24/i m Avidth The only pathological change was a moderate 
degree of fibrous thickemng of the portal tract 

The parasite was identified as a species of Dicrocoelium, probably 
D dendnticum (See plate, page 820 ) 

This appears to be the first record of human dicrocoeliasis from West 
Africa, though van den Berghe and Denecke (1938) report the parasite as 
occurring m man and monkeys m the Belgian Congo MacGregor (in hit ) 
reports that Dicrocoelium sp occurs as a not infrequent parasite of sheep and 
oxen m Nigena, but its exact status is unknoAvn 

I am indebted to the Director of Medical Services, Nigena, for permis- 
sion to pubhsh this note 
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NOTES ON NERVOUS AND MENTAL DISEASES 
ENCOUNTERED IN NIGERIA 

BY 

A C HOWARD. M D (lond ) * 

Colonial Medical Service, Nigeria 


The object of this paper is to describe the incidence of the nervous and 
mental disorders found in Nigenan natives, as it has been noticed that there' 
are many differences both m the incidence and manifestations of these diseases, 
when compared with what is found in practice in the British Isles 

There are many difficulties in the diagnosis of nervous diseases m the 
tropics apart from the difficulty of obtaining reliable pathological and other 
aids to bedside diagnosis, the African can rarely give an objective account of his 
symptoms and is usually extremely vague as to their duration , m addition he 
tends to rationahze his symptoms more than the European and often produces 
very bizarre explanations, so that the difficulty of taking an accurate chxucal 
history makes the diagnosis tend more to depend on the physical findmgs on 
exairunation than on the history of the disease , this is especially unsatisfactory 
when deahng ivith nervous diseases where the diagnosis in many cases depends 
so much on an accurate history This difficulty is reflected in the figures given 
from the annual reports 

These notes therefore are merely impressions gained at the bedside m 
various African hospitals during the course of the last 12 years, and for com- 
parison, figures have been taken from the Annual Reports of the Medical and 
Health Services of Nigeria, 1935 to 1938 

Smee for statistical purposes the diagnoses have to conform with a limited 
number of categories based on the International List of the Causes of Death 
(1931), and in many cases these categories are mere dumping grounds of 
clinicallv similar syndromes of diverse aetiology — it follows that considerable 
latitude must be allowed in mterpreting many of the diagnoses recorded 

• I have to thank Dr G B Walker, Director of Medical Services, Nigeria, for 
permission to publish this paper 
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cormnooett chrome mgan tc oerrouj disease* in the Bnush I»Je* (Walsue, 
1941). The hm inadcoce of chorea ta intcrefting. thoogh judging by the 
number of c»e* of mitral atenoii* eoeoimicred, acute rheumatism cannot be 
so rare in the lrop«» a* o oically behrred. 

Although aente anterior poBomyditi* would appear to be rir from the 
figure* judging by the number of case* of rcndoal paralyn met with, ft 
tppom to be commoner than ft t* ID Europe most of these ewen n the hoaprtali 
haring probably been classified m the category of Elcimplegia and other 
paralyse* of unatated ongui.” The incidence roav be bgber onmg to the 
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comparatively low standard of sanitation, recent research havmg shown that 
the virus may be excreted m the faeces and transmitted in sewage (Kling 
et al , 1942) 

Another disease which appears to be rare is cerebral tumour, though the 
inadence of malignant tumours generally is lower than in Europe Symptoms 
of increased intracrannl tension usually denote internal hydrocephalus following 
suppurative meningitis, usually cerebrospinal fever, of which annual epidemics 
regularly occur especially m the Northern Provinces in the dry season, dunng 
the winter and spring months, and which constitute in the table no less than 
19 2 per cent of the total nervous diseases, and taking memngitis as a whole 
comprise almost a quarter of the total admissions during the 4 years 

Polyneuntis associated with paraesthcsiae, muscular wasting and tenderness 
and loss of tendon reflexes is common ITiis is probably in many cases due 
to malnutrition and avitaminosis B*, though toxins from helminthic infestation 
may play some part, and acute infective polyneuritis is found A typical poly- 
neuntis also sometimes occurs in leprosy, the incidence of which is very high, 
and It must be differentiated from the local nerve involvement of neural 
leprosy 

Primary optic atrophy is common and in many cases may be due to syphilis, 
though again malnutntion is probably responsible for a large number of cases, 
and others are due directly or indirectly to trypanosomiasis 

Acute encephalitis occurs rarely as a complication of the acute exanthemata, 
especially smallpox , it also occurs in malaria, especially in infants, and in a 
recent epidemic of louse-borne typhus it was one of the most pronounced 
features of the disease Cerebral abscess is common largely as a result of a 
neglected middle ear disease Occasional cases of post-encephalitic parkin- 
somsm are seen, though a very similar syndrome is common as a result of 
cerebral syphilis 

Cerebrospinal syphilis is very common, especially in the areas where the 
primary disease is found It is almost invariably of the meningo-vascular type 
which is in extreme contrast to the rarity of the so-called parenchymatous 
type of infection, tabes dorsalis and general paresis (G P I ) Possibly this is 
associated with the theory that late syphilis attacks those parts of the organism 
which are subjected to excessive strain, which would account for the relative 
immunity of the Afnean’s central nervous system to late syplulitic manifesta- 
tions compared with his cardio-vascular system, as syphilitic aortitis and 
aneurysm are relatively common Possibly also repeated attacks of malaria 
exert a prophylactic effect against the subsequent development of general 
paresis m syphilitics Whatever the reason, symptoms of G P I in Nigerian 
natives, when found, are more likely to be due to trypanosomiasis than to 
syphilis 

Motor neurone disease occurs and is usually of the chrome bulbar palsy 
type, though classical cases of progressive muscular atrophy are occasionally 
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AHnml Reports at Table I Id adebuoa, in the tropics mental eWate appear* 
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HAEMOGLOBIN AND PLASMA-PROTEIN LEVELS IN 

WEST AFRICA 

BY 

J D STEPHEN, M B , CH B , B sc , Captain, R A M C • 


A comparative study was made of the haemoglobin and total plasma 
protem levels in West Africans The prevalence of dietary deficiencies and 
anaemias, nutntional and otherwise, in West Africa is well known The 
primary purpose of the investigation was to compare the haemoglobm and 
plasma-protein levels in troops of the Royal West Afncan Frontier Force with 
those of the civilian population, m order to determine whether army rations 
had any effect in increasing haemoglobm values 

Seven groups were studied, each group consistmg of fifty persons 

Group 1 — ^Afncan Anny recruits, ages 20 to 30 years , service, 6 weeks These 
men were mostly from the Northern Territories of the Gold Coast 

Group 2 — African soldiers, ages 20 to 30 years, with 6 to 8 months’ service , recruited 
from all parts of the Gold Coast 

Group 3 — African soldiers, ages 23 to 38 years, with 2 or more years’ service All 
these men had been m India and had been on a European-scale ration , many had taken 
suppressive mepacnne Recruited from all parts of the Gold Coast 

Group 4 — Afncan villagers, males, ages 20 to 30 years From the coastal distnct 
of the Gold Coast 

Group 5 — ^African children, male and female, ages 3 to 14 years From the coastal 
distnct of the Gold Coast 

Group 6 — ^Afncan women during pregnancy, ages 18 to 39 years From the 
coastal distnct of the Gold Coast 

Group 7 — European soldiers, ages 21 to 44 years Stationed in Accra, Gold 
Coast, for from 3 to 18 months 


Technique 

Five ml of venous blood was withdrawn mto a mixture of 6 mg ofammomum 
oxalate and 4 mg of potassium oxalate The specific gravity of the whole 
blood and of the plasma was then detennmed by the copper sulphate method 
(Phillips et al , 1943) The haemoglobm and plasma-protem levels were then 
read from a simple line chart 

• I wish to thank Bngadier G M Findlay, c b e , for advice and help m this 
investigation ^ 
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for a conaidenbie period and to the fact that while in India they had had little 
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in view of the frequency of macrocytic anaemia The level in children is no 
lower than is to be expected, in view of the ubiqmtous malarial attacks to which 
they are subject. 

The plasma-protein levels are more difficult to interpret While the 
values for total protems are on a level with or even higher than those recorded 
m Europeans, it is by no means certain that the albumin-globulin ratio is the 
same as that of Europeans The work of Mohun (1946) has shown that there 
may be a distortion of the albumin-globulin ratio in the West African and 
that qmte often the albumin level is lower than the globulin It was not 
possible in this mvestigation to do differential albumin and globulm estimations 
Table II gives the level of plasma-proteins in the seven groups examined , 
there are no significant vanatioHs 


Conclusion 

A study has been made of haemoglobin and plasma-protein levels m 
West Africa It appears that the haemoglobin level in natives is generally lower 
than that of the European, and that the highest Afncan level is to be found 
in those troops who had been given a European-scale ration and in many cases 
suppressive mepacrme It is thus possible to effect a rise in the Afncan’s 
haemoglobin level so that it equals that of the European No significant differ- 
ence betv'een African and European plasma-protein levels was noted 
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It u With much regret thrt the Counal of the Society tnaoimce^ that 
Mia Mildbed Mnerox »ho ha* *0 long been camectctl — 27 yem — with 
the Roytl Soactj of Tropical Medicmc and Hygiene, and with It* Tbaj«- 
tCTTOXl h«deadedtorcrtgnfromhcTpo«toAnliajrntE^toToolbccocDpIeticn 
of the currcQt v o hr me. A tribute paid to Mb* WetroN I 0 \oL *10 ha 6 
(Julr 1&T7), tad it would be redundant to enlarge on that. The Sodety** debt 
to Mta \\crTON cannot be orer eatimated. To her moft than to any other 
per«on con be attributed the high standard which the pubbcation of this journal 
haa attamed. 

On learning of Mas U kxroN a decwoei, the Counci] of the Society decided 
to appoiot a SnencdK Editar and o happy to anootmee that lJeut>GcnerB] 
Str WiLLLAJU P Mac Aarfifs, c-cj. dao ojut ujx rjLCJ D.T,it. a il, 
has agree d to accept this post, beginning arth the first rromber of \oJ 42. 
Sir William Mac Ajmnj* ts knorm to rcUows o^ the Society and need* 
no introduction. He wtD be taaisted hi Ida dotka by Mr S. IL PlLTaN who 
Trill act a* ] ubpshiag Consultant 
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ATmOtTNCEMENTS. 


next meeting of at Manson House^ 

The 41st Annual General Thursda^ 17th June, 1948, tv 


movements of fellows they are 

u qA have notified the S r»f the Royal Society 

<« •"'SV.'S.s »»•; ‘"S'*”'”"'"'’ '" 

, irr *»" - ‘"rjrrrr*.... 

_ „ , _ i A R Entrea 


, India 
, India 


StBBOTT, H , Sudim 
Al-Abed, H E , Iraq 
AtvOEiYi, S O , Nigena 
Brakch.A G W, Nigena 
Caffrey, P I , Nigena 
Cabman,] A , Kenya 
Chaetbes, J C , 

Clabk, Miujbed, Nat^ 

Cummins, Lt -C>1 PH 
Davidson, Lt -Col i J 
Davies, C W , Kenya 
Dick,G W R.Ugmda 
Dixon, P , Belgian Congo 
Duggan, A , Nigena 

Fakman-Farmaian, S , V 
FOY, Henry, Greece „ ^ong 

Gbaham-Cumming, G , H g 

T4x‘nnING R 1^ » 

Es;S.^h!'S“cS- 

Hunter, W , Nigena 
Ip Yee, Hongkong 
IoWes, S a , Palestine 
H A , Nigena 
KELSEY , ^ India 

Kent, Lt-Coi f v» , 

Khayyat, S , Irak 

KoNDi A , Grae« ^ 

Lindsay , Lt -l-oi 


to tneir — 

McPherson, D R^® ®7 

MILLS’^ T A^'cold Coast 
Morton,T A. 

KSW, Northern Rhodesia 

PAL, Northern Rhodesia 

Phillips, C 

QUANTRILL, D W ^ ^ 

Ritchie, G ^ -^^pakistan 
RUSSELL, S FA2«^-Q„id Coast 
Saunders, Gk ^ ’ ore 

IS’STAS-,‘S™. 

Simpson, 'F . L , India 

'£^^cTSJ,S:f<-iCo..r 

Wilkins, E G . Irrdra 
Wilson, C J , K®’®'’ 

WILSON, W A.Ugimda 
WiNG.W M.USA 
Wright, F J , Kenya 



REW rCLLOWf 

At the tnmm* of ibc Sockty tMmoo on 15th Aped, I W8 the follow 

in* twenty-ooe c*ndW«l« ww cleetnl F Bowl <rf the Sodety — 

Abwtt TutEsc* K,, VL*. ■ t D^JL (uMO) ) ScT ct eUe^. 

Actawal, jAaotiH P Kj aa.(pATX*) Indu. 

BLEtnu. W tLD (nuAn) Eadtnd. 

Cmtillo C u-o. d t *4. * h,. South Aiuto*. 

CoM Mmym, L. hL ua, ai b (iddc) Bridth W**t Indr*. 

Cmtr Goesox u b olm . (cub.) h.|BBland 
FAMOtmAKBO-T A D J UJt t.mn» Ei^Uod. 

Fcr^ Ibttxo mjl (ckmox waoidwtow cmt X rs-o (kjwaX Puerto Rico 
lIor»r«jTO*< FjLont H bjc. (MtooLUtarr) mjj U®*' T"d«i) CWm. 

H OB . Ltt , AcTMT XL, B,A. (oXTUtioX CocnplcQc* work for M-RA- tn Paeit{to)D(y (Tulet) 
CatBdB. 

Joruxa W H„ w j c A (cto ) LJLc,r (urro ) n.T,« * k,, Socthem RhoderiB. 
KAXUAmt, B. C H,B. (CALCTTT ) Pakstaa. 

Li. RoKDcr Ma.'«<ICo<, mju, ba (■oxanro^ H<«*knie. 

MeWEmrm, D L. bac. (isd< ) ujlc.tx Shai^tsJ 
MennTATKiii, A. XL, m b., auB. (mmj Booth /Jriok. 

NBBIV, A_ MJX ( AOJtDAO) ox H. (DCBtC*) If»<J 

Pot Aio«ou> \V itn, (cr ptoirt NethrrtaDd Weet iwU*. 

Soomvt Wh. a mo r cc,b (Mnantu-M) U-SJL 
Stc Ka Hn, uj. s. (KOtisD'to) HonufeDo*. 

Tpto, Ptiu XL iXD. (cixiOAl CMnB, 

Towum F Btbcn t o (oeu») EoflUnd 


AOUtnOI TO FELLOWtHI? OT THE iOCICTT 
AO nftrtOTvd end eet eiUiBiy pnetdaner* Bod otbett intBratad ha witutffl-c 

pu mii tB rdeciii* to trordcal nxJln^. witfee qraOAcMns are de emd Htfafoctaej by 
lb« Coundl. ere efirfol« for eleccioa *• F«l)o> of the Society 

Aoioob d cdfUi* to bccttTM for F Qcwihlp of the Society ehoold mo the 

aprdil Krm of applicBtlan ( the end of dde founuL 

The amoB] e u be uip two peyeble by F«Oow> ie ooe esd baU itdnee* (£1 1 1 BdO 
wbkh be co t ij oe diM m edrtnee on (he let of Apfd of eadi year 

Tba TiLOOBcmNi end the oment 1 kab Bocet of the Soocty btb poetod rrruUdy 
to OTCry Fdknr whoee eobeenpckia te not b aiicaj 

Further iofonnetioa mey be obte ha e d from the Hon Boueiulee, XlBnon Home 
28 Portland Plaea, Leatdon, W I or fnati the Loaf Secretary of the fietrlct. 


ROnCE TO FELLOWS 

A copy <rf eedi munber of the TBOtaACTtortf ■ ported to ewy Fallow wboee 
.irii^T i p UD a not m airear F Dow» era pertknlariy raroeated to notify the Deere team 
of Buy chance e the addrese to wh^ tbel TB.oaACTTOM) are to be poated. 

Wbm ccipfo* of the TbaxbactWco ere mumed by the Port OSa marhed O®" 
Away N SetWe, or Ineuffiejent Addrca*, no more eofeea wall be ported to thM 
Bddrca* but they wiB be rettbed rt Mmwoo Hocee nntJ ftmher aatmtctiaoe rta recetrad- 
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SCIENTIFIC INFORMATION CONFERENCE 
The Royal Society has arranged, from 21st June to 2nd July, 1948, a Scaentific 
Information Conference m London 

The Conference will be attended by representatives of countnes providing informa- 
tion services in English, namely, the coimtnes of the British Commonwealth and the 
United States of Amenca 

The Sections and Editors-m-chief are as foUon's — 

Section 1 Publication and distribution of papers reporting onginal work 
Professor J D Bernal, f r s 
Section 2 Abstractmg Services Sir David Chadwick 
Section 3 Inde-ung and other library services Dr J E Holmstrom 
Section 4 Reviews, Annual Reports, etc Professor H Munro Fox, f r s 
Application for tickets of admission should be made in wnting before Ist June, to 
the Assistant Secretary, The Royal Society, Burlmgton House, London, W 1 , from whom 
further particulars of the Conference may also be obtamed 


PRIZE TO BE AWARDED IN 1948 
THE CONSULTANTS PRIZE 

The Consultants to the War Office and the Armies m the Field m the late war, have 
presented a sum of money to the R A M C m order to found a Consultants Prize, to be 
competed for at mtervals of 1 to 3 years 

This prize will be awarded for the first time m 1948 and will be to the value of 25 
guineas The prize is open to servmg officers of the Royal Army Medical Corps, holdmg 
a regular or a short-service commission 

The first prize will be awarded for an essay of not more than 10,000 words on a 
professional subject, based on the author's own expenences between 1939 and 1946 It 
13 hoped that these essays will ensure that valuable war expenence, which would other- 
wise be lost, will be recorded for future gtudance and possibly for pubhcation 

Entnes should be sent m through the usual channels, so as to reach the Hon 
Secretary, Rj\ M C Prize Funds Committee, RAM College, MiUbank, London, S W 1 
not later than 1st August, 1948 


LIBRARY NOTICES 

From the Society’s file of the International Journal of Leprosy, Volumes 8 & 9 (1941 
1942) are missing , and are not obtainable from the pubhshers, the onginal stock having 
been destroyed in Manila 

Of the Annales de la SoaUi Beige de Mddectne troptcale. No 1 of Volume 19 (1939) 
13 missing 

Of the Chinese Medical Journal, Volumes 62 &, 63 (1944, 1945) are lacking , no 
numbers having been received 

Of the Journal of Tropical Mediane fit Hygiene, No 4 of Volume 49 (1947) is missmg 

Gifts of any of the missing volumes or numbers will be gratefully received at Manson 
House 


NEW BOOK RECEIVED 
The Lepromin Test BELRA Medical Seneo, No 1 



WAR DAilAGED LIBRARIES POST \\ \R RESTORATION 
FeOovi b« mid«nn£ » acTTka to Soaetj if they ntara to klccim Hoiw 
mj number* of tb» TKA:tucncr4 wtoefa tfarr do act vnh to keep — p^rtioiktir 
DombeT* f\ hum 40 

Tbe C wt cfl withe* to thknk tboM PaQowt who here tlmd responded br rTtaminc 
eopie* «if th* TmAjoucncwi, 


PHOTOSTAT SERVICE 

T help F Qoe of the Soewtr who oonot teadilT c^rtsn *cce** to 
■nd hum*u mnjKznmu fa*^ been intde t tuppbr PSotoktat 
reqtifiTd. 


muhcaj pcriodfcat* 
copte* of pepei* 


Rr counesT of the De<n exi CoiMfl of the London School f Hjliene and Tropicsl 
Medicm the Libcerv of (he School hs* been pieced at our dirpoul fee this purpow 
Cop«e* wiQ be made bj Pbotoatat LciuiatL 

Fellow* viB be «4xd t p«7 only the otsm) con of prtporinq the PlaMtwtu copy 
Tbe mbuniXB eharre a I*, per page t^i ed <*ae Sfx 11}) b«t pm* ba wiQ be kiU 
CO rt^aeat. 

Appb ataj n ibooU be oud* to he Seemv* RoyiJ Soewtr of Traptol MrdKfw 
wad HTTKoe, Maneon Hou« '*6 Portland PUcr U 1 prst the &*jn* of the journal, 
oIiBta nJ pa«t otmber of the ar u tb (e ^piu e d . C aj t phu paper* or epenfied portinn 
f paper can m njppbed, but « the latter case hJod ttSTuetiDcii must be rrciN 


STTDm o* Lm* Dt-utec d* Acvtt Mu.>ta 
\o] 11(4)3^4 Jamarv lim 

Dr J Kuzhso twi reoeoth wntioi (too fair for aJt r r ahu n m N 4) to aat that be 
«aho (he order of die nanwa of the author* of (bn peper to be rrrtned, aad (b« paper 
be tiktn at br E>r D Bncs «M a^ D J Ktrimi. (aittrad rf by I>r KLOTmo 
and Dr Birrauv). 
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PUBLICATIONS OF THE SOCIETY 


TRANSACTIONS 

Subscription Forty-two Shillings per Volume or per Year, post free isi'c Numbers 
in each case) Single Number Seven Shilhngs and Sixpence, post free No 1 of each 
Volume IS issued in July, No 4 m January 

Back Numbers Owing to the greatly increased demand for complete sets of the 
Transactions the stock of certam numbers had been exhausted These have now been 
reprinted, and any number can be supphed 

YEAR BOOK, 1948 

List of Fellows (with Addresses) Alphabetically and Geographically arranged The 
Soaety’s Annual Reports, Laws, and other matter 
Pnce Five Shillings, post free 


MONOGRAPH 

Monograph I (September, 1936) "Boomerang Leg and Yaws m Austrahan 
Abongmes,” by C J Hackett 66 pages, 17 pages plates, stiff board cover, hnen back 
Pnce 5s , post free 


"MANSON CENTENARY” 

Proceedings of meetmg at Manson House on 12th December, 1944, with coloured 
portrait, pnce Two Shillings and Sixpence, post free 

“THE ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE” 
An illustrated pamphlet by “ Onlooker," descnbing the work and functions of the 
Society and the amenities of Manson House 

Supphed free on application to the Secretary 


Orders for the Transactions and other pubhcations of the Society should be sent 
direct to the Secretary, Royal Society of Tropical Medicine, Manson House, 26, Portland 
Place, London, W 1 Telegrams Anopheles, London Telephone Langham 2127 
Cheques, Postal Orders, etc , should be made payable to the Roj'al Society of Tropical 
Medicine and Hygiene 

The Transactions may also be ordered through Messrs H K Lewis and Co , 
Ltd , 136, Gower Street, London, W C 1 , or any other bookseller ’ 


ADVERTISEMENTS 

Appro\ed Announcements are accepted by the Counal for insertion m the 
Transactions, due to be pubhshed m alternate months as follows — 

No 1 July 25th No 4 January 25th 

No 2 September 25th No 5 March 25th 

No 3 November 25th No 6 May 25th 

Advertisement type area 5 mches wide, 7i mches deep (approx ) 

Half-tone illustrations — 100 screen 

Last date for receiving copy — 15th of each month of publication 

All communications regardmg advertisements should be addressed to the “Advertismc 
Manager ” 



BDITOBUL NOTICES 

P«p«n MiboiittacI for pabQcatfcn to ihe** Tuksicttov timid b« test to dM Hn 
tnnUitot, Hum Botu* t«. Ptniuii L»<jd Wd 

The nbuiWcu at mctttr for prACnrtkt wfll b« aodantood to maptf H h offmd 
to thk}oUTTM] tlooe. 

If tceepted for puliGcxtjan, the c^>7rlgbc of ptp ct h e ron— tbe p r o p e rty of the 
Sodety bet they mey b« i».pobtti»«l by ptrmf— m ©f tb* Council, prorfakd due 
eckxwwWfujajt bt ©f their htrbts apf— red io tht TuAMUCTvra. 

Ptpen tboold. if pottibk, be ty i w w iuieu they thould be cnodeeiT wnttra wkh 
tub^ DtaKer kvlolly urtnted «rd Mib-dirldcd with refimcee nvf ebbrtvittkM 
the fortn deeeribed below tad with fat&xtket of the pceition, ki the text, of [Qufti»- 
Uoee^ttblet. m epe, etc. 

tb a umJd be ti brief *t crwttfmr with denty eod ia rmay caet* the reiue of 
paper enhanced by tbort namuy at the 

TtBpentote tham, paiifai ui fnwlifi ifaould be If poecible in IrtdMo ink c«t 
Briittd board ] with drt^ ar^ eaeestitl leRnjof lane emffa t© be deariy leidbte after 
re dL ict k p if aecettary fWrite in peodi tf Irtttnn* co drawlnc b to be tat op and 
printed. ) 

nhciiliflon*— if the embet aoxt cn b coMldaied t acead r a . (ba aotbor siay be 
informed and firm tha opporrurnty of oaUnbutinf to the cnat. 

Celeond pUtM are made only at the author* e a y an ae. 


ll (ht litt, the data ef pobbeensa, to bnduta, UmU loOew tha n 


« of dw aatharqaotrd 


B ilpbabrtjcalonJief af audnn 

aaiwiiai, «na cutbb fiiiu id loi njoeiof oioci o t ar—i e ef trrahra ) (3) Inibnb of tu ebea ( 
(S) Year ef pobUeaoen, it bratkrea . (4) Tafe of otida, ae—hne artacrary opitab. (Tbr tfclr 
of tha trbda ■ •evardmra aenrted wa aaeb bat ef rafrresA beuld to dda mpm ba erre— ant 
tbio g tbe « - ito eJ all odra. or ematmt aHh <9>T<0» ef >— naS , (C) \ot«a staobtr <T) Pifa 

ra«b«r u h--ktju>JOa(, P 04^ On the da^rtofas— l «f Alirfe a ^ ■* — 

the Moacno creidantJ aa etna. T £m. «er (MX XU. 

lnthaoew.ef oKeran « ho« <ll,(t)«sd<r — ' 

andM nhwna, d oori d— one i (0) Paiar oomhar, 
maa. g -hU—OK. P (lt$n iVapM £14— a. la _ 

ReUieoee to n Aar^ tTgari OvtitLiKO (lUTV <laaaf ifrdeef V Smalmry Rrfmi 
lUt p 11 

Sot Tie Ttm of ■ doc oaaaDy the }car cenmJ by iba Rrpen. 


<3) ■ tbm <f) Ttdt ef bout, t (^T) Ednon 
, (7) To* ef f^bOeatsB (I) PuhiehrT' 
latlU m Londm (>taeQ*Co~LaL 


7haabbrr\ moa oar d era tbeaa abewn a> the Waild Uif af laiaillBl PiJefTdli 1 134 ebrh 
caitocBM » ih* nJ*ra of tha /torreraearf Cedr a< JUm m tf tm ftr TOla af Pr t f a Jr ad Pam. 
I no In fcwml oot— ha^ eaptal, ad jrttn ca wnaH, autaJ tottara wririra, ootqunedm 
jr>d prrpoexa— arr onutard tha piaracf asaawt la added ibiIt wbm lajttriMuty aatjlrt trm g 
AmtT lUn C ff. AetdTSex^ PanL. T rter— raf 

trap. AW. JWe— C R. Acai. So bad TiaheAr Creant 

Afd, JVapatotoy fJCaci. — d ITVilr Tr— . R. *r trap, l/ad Iljg 

BaO. S«JW «ef faA>m —f Ctoa. Z. Un 

Tba foOoarmf eantractfcn an n ear whe th ra the nmbaT to be r 

^ 1 te., 18* Uk»)t— 

l aw tlftnua , cf. auofrwiaae, t% 

cmili iia t n, on. Ailouwtra, bit 

cahie eentenetre, cx. taaenm. * 

cabie mfllanati*, t— n. —ttarwnr^ m*. 

In order to mad deDferooB emr B d<— ft sraB m 


leElatitn, ml. 


D fo3L 


Rutr rra 'TO thiXTi 

Anfhcn of Papm patbEthed n tha Tmaacnasa ™ceira tS te>wiata free of e faam 
Any r*- ^H '** owAcr tan be aup p O ed ob peymon. pfoatdod appbcatjOQ ba made wbea 



